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PROPAGATION OF ULTRASONIC WAVES IN LIQUID 
MIXTURES AND INTERMOLECULAR FORCES II 

By ram PRASAD, M Sc:. 

[J\CL civcd fin Intblhathiti, I lily n)^i\ 

ABSTRACT Th is paper coiisidt rs tlie cniiii)ri'Ssilnli(y uMin iitratidii eiuves nf the licpiids 
uii the l)a,sis of IntLrniokculnr acticii. 

The folknviiiji niixiures have beeu studied here : 

(i) Ethyl alcnho] and lieii/eiie, (i) Butyl ailetdiol and heptane, (3) Ben/ene and carbon 
tetiadiloride, bp lUln r and benzene, (5) Iphyl aeclate and earb')n tetrachloride 

The most interesting case is (»f aleolud and lien/ene, the ccin]piessi[)ility cm ve being in- 
flected* It is shown how the high polarisability of ben/tau' and llie associati n-forming tendency 
of alcohol determines the nature of the ciiive In butyl alcohol lieplaiie, the ineitnes*s of 
heptane as contrasted tlie activity of bcri/eiie is very significant. 

The analysis made in tin's senVs of pa])crs is iin approacli to iiilc'rnjfder ular action fiom a 
new angle hi view of the appioxiin.ite nature of the niolecnlar (ields, the treatment is neces- 
sarily qualitative. 


I N T R O D V C T J O N 

This paper ill tlic si.-cond of llic scries on li(iuid niixtnres, the first of which 
dealt with alcohols and water. ^ Herein arc treated the iollowiiij; mixtures : — 

(i) Ethyl alcohol and benzene ; 

(a) Butyl alcohol and hc[)taiic ; 

(3) Heiiz.cne and carbon tetrachloride ; 

(4) Benzene and ether ; 

(5) I'ithyl acetate and carbon tetrachoride. 

The data for velocities and coinpressihilities for inixtuies (i) and (4) were 
taken by the author, for (2) by Wilson and Richards," for (3) and (5) by Bartha- 
sarathy.'’’ A (juahtalive explanation of the compressibility-concentration cuivesis 
attempted on the basis of intennolecular action. 

K X P R R T M I<: N T A b R R S P L T S 

The experimental technique and details employed foi mixtures (j) and (4) 
haves been described in the first paper and will not be repeated here. In the follow- 
ing tables the collected results of all the mixtues are given. 

* Comniuiiicatcil by the Indian Phy.sical S(xiety, 
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Propagation oj Ultrasonic Waves in Liquid Mixtures, etc. d 


In llie romiircssiljility-ronccntratioii grap]] the cinvc- aUvat s iLniaiiLs above 
the stiaight line joining the points representing the pure liiiuids. It means lliat 
the eoin])ressil)ility is always more than that exiiected lot ideal niixtnres, The 
veloeity-eoneentiation curve always remains below the straight line eorresi»onding 
to ideal eases (Fig. 
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The velocity-concentration cuive lict) hclovc and the coinpressibihty-concentia- 
tion curve above their respective straight lines (PiR- 3)- 
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The velocity-eoiiceiitiation curve is linear and the compiessibility-ronecntia- 
tion curve slightly concave (Fig. 4)- 
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Fig. 4 



Propagation of Ultrasonic Waves in Liquid Mixtures, etc. 

Mixture 5 


Ethyl acetate and carbon tetrachloride 
Temp. = 2i°C 
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The vclocity-concentiatioii curve lies below and the compressibility -concen- 
tiatioii curve is irrcRular (FiR. 5}. 



Fic. 5 


I) 1 S C IT S S 1 O N 

The basic considerations relatinR the compressibility with molecular forces 
has been discussed in the first jraper and will not be repeated here. Attempts 
will be made here 10 explain the nature of variation of the compre.ssibility with 
concentration of the diiferent mixtures on those basic considerations. 

MIXTURE (il ETHYL ALCOHOL A I) HEN ZEN E 

Before discussing the curve proper let us review the structure of the pure 
liquids. 

Alcohol : — It has been well established from many branches of investigation, 
viz., inf rated absorption spectra, Raman effect, dielectric polarisation, and direct- 
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ly by X-ray difl’niction experiments that aie(jhols are higlily associated liquids. 
This association is due to llie nature of the liydroxyl dipole CtH aud its position 
with respect to the rest of the molecule. 

It has been shown that associations detract from the cohesive energy Itetween 
ili/i'ereiit a.ssociated gioiqes and thus increase tlie ceinipressibility. Again even 
allowing for the associations, the cohe.sive energy ;s mainly dipolar due to the 
dominating effeet of the f JH dipoles in molecular interaction. 

Bnizcitf : — Hen/.ene has the well-known planar structure and h.'is a high 
value of polai i.sability. Due to its higJi polarisabilily, it has a strong dissociating 
effec't on the associated groups of any liquid that may be introduced in it and 
may be shown to be so as follows : — 

(i) Hen/cue molecules will develop induced dipoles due to theii iiolari- 
sability, and these induced dipoles will so interact with the associations that they 
will be dissociated, 

(a) Due to higli polarisability, ben/.ene molecules can exert high dis- 

Iiersion forces on the molecules of llu- associations as given by the formula,* 

a K'’ 

and so dissociate them. 

(ufl is polaiisability of henzene, of the other li(|uid, the main mole- 

cular frequencies, h Planch’s Constant, aud K the distance between the molecujes). 

( The dissociating effect of benzene due to its polarisability is enhanced by 
the nature of the planar stiuctuie of its molecules. Molecules tend to come iu 
contact along their axes of polarisability. In benzene, the axis is at right angles 
to the idane of its molecule and so when benzene will approach the a.ssociated 
molecules, all the atoms of llie plane will also come in close contact witli the asso- 
ciations. These atoms of the plane will exert dispersion forces and so tend to 
dissoeiatc the assneiations. 

'riie dissoeiatiiig effect of benzene may be seen from the following experi- 
ments - 

(i) In Wolf's iiapei,"* it is shown how the dieleetrie polatisalioii curves of 
alcohol in benzene arc flattened out as compared to the steep curves in cyclo- 
hexane. In cyclohexane, the concentrations at which double aud triple molecules 
only are formed arc sharply defined, but not so in benzene and iu fact tl)ere seems 
indication of ouly little or no double molecules being formed at all. Benzene is, 
thus, able to dissociate the association while cyclohexane caiiiiol. 

(3) Kroin heat of mixing'* it is seen that dissociation of alcohol into mond- 
moleculcs is complete at .01 mol of alcohol iu ben/.ene, while it is complete at 
.001 mol. of alcohol hi cyclohexane. The above points to the dissociating effect 
of benzene. 
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^3) Arkel and vSnock'^’ found that benzonitrile is uiiassociated in Ix^*iizeiie, 
Iml associated in hexane. This was rightly attributed by tliein to benzene mole- 
cules having higher external fields than those of hexane, wln'ch were instruiiieiital 
in giving benzene its high dissociating power. 

The mixture : — Now we arc in a i)osition to discuss the interactions in the 
mixture willi respect to its compressibility. VVe shall analyse (he comi>ressibi]ity 
curve starting from the l)enzcnc side. 

(1) Very little alcohol in benzene : — All the alcohol molecules will be in the 
monomolecular form and w ill be separated widely from one anothei . Now, since 
the interaction energy has an extrctnely short lange (falling inversely as sixth 
power of the distance) and the cohesive energy of pure alcohol is mainly dipolar, 
it is clear that due to the great distance among the alcohol molecules, the cohesive 
energy of the mixture w ill be less than that in the ideal case. This means to 
say that the comiiressibility curve wall ri.se above the straight line 

Now, all along, benzene molecules will interact wnlh alcoliol niolet'ules, due 
to the induced dit‘oles de\’eloped in ihem in virtue of their polarisaliility . The 
eoliesix'c energy will increase on this ac'connt, bringing the conn essilnlity 
eutve down In the case of inert liquids this inllnenc(^ will be negligible. 'J'herc 
are thus two opposing influences in Hcn/ene and the resulting curve w'ill depend 
oil the magnitudes of tlie Uvo influences In our actual case, the iiiter[)olated 
curve goes \'cry slightl}’ ah n e the straight line. 

(2) More alcohol in benzene As more and more alcohol is introduced, the 
distance among the alcohol molecules decreases, the interaction becomes more 
effective, and so, the cnivc begins l(; come dowai towards the straiglit line. 

After a large concenti alioii of alcohol a stage conics w'hen associations 
^^ould have occurred, if there had been no dissociating influeiiec of benzene. This 
non-formation of associations w'ili enliaiice the roliesi\'e energy in the way dealt 
with befoie^ and thus decrease the eoinprcssibility further. 

13) Ij'tlle bcu/enc in alcohol . — Now the curve after going below the straight 
line must, near the ak ohobeiid, begin to rise due to the folknviiig reasons ; 

With very little l:enzcne, the dissociating power is decreased, while at the 
same time due to the high coucent ration of alcohol, the associatioii-foiming 
tendency is increased. Cohesive energy is therefore not so iiiueh more than that 
of the ideal case, as when there was more of l)eirzene. Hence the curve rises and 
meets the point repiesentiiig the pure alcohol 

MlXrVRK iz) liriTVl, ALCOTiniy AND TT P P T A N 

Hcplanc: — It is very inert. It has a very small value of polarisabilily 
and so cauiiot interact as benzene can. Also its axis of maximum polaiisa- 
biiity is along the chain length*' wliile the iiiaximuni numbers of points of coiifacl 
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of its molecule with another will be at right angles to the chain. The two re- 
quirements are mutually exclusive as contrasted to the case in benzene where they 
are mutually additive. This fact adds all the more to its inertness for the purpose 
of dissociation. 

Butyl alcohol - hsivAni-Q may be taken on the whole to be the same as 
that of ethyl alcohol. 

The mixtuic i-Now, when some hexane is added to alcohob it will not be 
able U) dissociate the alcohol polymers, due to its inertness, the different polymers 
will only separate to a greater distance from one another. As more and more 
hexane is added, the different polymers will reduce in siz.e from a high complex 
to triijlu, double and eventnally monomolecules, at a very great dilution of .001, 
As j^een from Wolf’s pai)er fjii dielectric pcdarisalion of ethyl alcohol in hexane, 
the assomalions rather i)crsisl, till they form into triple and double molecules 
rather suddenly. Also it is seen from Wolf’s graphs, that the triple, then double 
and finally monomolecules (ff alcohol are formed at a very great dilution of 
alcohol, the motioform being at about .001 mole fraction- So we see that nearly 
all along the different ranges of compositions, the alcohol molecules are in the 
form of associatiems. 

Now because, all through the different compositions of the mixture, the 
alcohol molecules, mainly associated, are at a greater distance from one another 
than in the pure alcoliol itself, and because the mutual energy of alcohol 
molecules is in all forms greater than the mutual energy of alcohol and hexane, 
the cohesive energy of the mixture will always be less than that expected for 
the ideal case. The compressibility curve will therefore be always above the 
straight line concerned. 

MIX TURK i^) lU^NZKNK AND CARBON T K T R A C H Tv O R T D K 

Parc liquids :-^Henzene is planar and carbon tetrachloride symmetrically 
si>herieal, both being non-polar. In carbon tetrachloride the cohesive energy is pre- 
dominantly due todisi)CTsion forces between Cl atoms. Due to the widely different 
shapes of the molecules, there is not expected to be much interaction bet\Aeen the 
unlike molecules and so the cohesive energy of the mixture w ill be less than that 
of the ideal case and the compressibility curve in these conditions will lie above 
the straight line concerned. vSide lights maybe thrown on this mixture from 
the folhwving *. — 

Dondoid’ showed theoretically that, in approximate cases, energy of cohevsioii 
between two unlike atoms is equal to or less than the geometrical mean of the 
energies among tlie pure molecules separately. Hildebrand^ has derived an 
approximate equation for solubility applicable to regular soluliciis riz., 
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where D is the diflereiice between the square-roots of encr^^ies of vaporivSatioii 
per cx., I. c., the internal pressures or cucr^^y densities. The equation has been 
deduced on the assumption tliat the potential between two unlike molecules is 
the geometrical mean of the two- Now D has been calculated on this assump- 
tion and also delcnniued experimentally fiom soluljility . The difi'erence in the two 
values for the mixture in question being consideraljle (the values being .6 and i), 
Hildebrand concludes that this may be interpreted as indicating that dispersion 
energy between the unlike molecules is less than the geometric mean. This fact 
will make the compressibility cm ve lie above the straight line of the ideal case. 


2. Again Hildebrand and VVood^ have obtained, tor the energy of transfer 
of a molecule from its iiure liquid to a given soluiion, the equation 

i/R. 

RTIok f-V.. '' 


) 


V.. 


V, 


1 t '> 


where Vo is the molcculer volume of the solvent, V ] that of the solute ; h-j,!'.- 
theii respecli\'e energies of vaporisations troni the pure liquids, /.c., the volume 
fraction of the solvent in the solution and ‘ f ’ the activity. There is systematic 
disparity between calculated and observed values in the case of benzene-carbon- 
tetrachioride mixture- The source of disagreement may be a-scribed fully or 
partly to the assumption that the dispel sion encigy between benzene and caibon- 
tetrachloride molecules is equal to the mean of the separate molecules, in their 
piire liquids. Actually it must be less. 

More consideration's 'Hie tetrachloride-benzene mixture is rather anomalous 
in its behaviour which may be shown below : ^ 

(al There is negative lieat of mixing (heat absorbed), the value being 20,0 
calories only for .44 mole fraction of benzene (Void*). 

(b) The viscosity curve is linear with conceiiti alien in mole fraction, while 
the fluidity curve lies below tlie straight line for ideal mixtures (Tmeh^T 


(c) There is volume concentration on mixing. 

(d) There is a small positive vapour pressure deviation, i.i the actual 
vapour pressure is more than required for ideal cases.^" 

Properties ib) and (r) indicate more interinoiccular action than in the ideal 
case and require that the compressibility curve lie below the straight line 
concerned. Properties (ct) and (d) indicate just the reverse. 

Isluuicrical estimate oj the maxiniuiii dcvuition from ideality r NoW' it may 
be argued, a priori^ that the inaximuin deviation from ideal value of coiupiessibiJity 
will be w’hen the two unlike molecules have to come in ioj the maximum of 
interaction, i.c., when they are present in tlie 1:1 ratio. Ihe actual ratio obtained 
from the graph is roughly also 1:1, the exact ratio being ill de6ned, due to the 
nature of the curve. 


2 — 14,^3 ? — I 
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M I X T U R IC ( 4 ) K 'i' H Y L K T FI R 4 N 1) B K N Z K N E 

PtiT(‘ ficjuids *' — l',tlicr is ytiAcW but its jiositix^c end ivS embedded inside the 
molecule as is cn'idcjit from the sti net iiral foriiiijl:i 



aiul only the negative end h)’ of tlie dii^oie is oj»eii to the surface. Consequently, 
the role of tlie dipolr In intennoleriil.Tr action is suiall, but still it is tliere, since 
with increasing length of the alky) i’ron])siii the homologous ethers, the velocity 
^^oes on increasinj^, /.< c (mii>ressibility t'oes on decreasing. Ihisis due to more 
and more screening of ilic dif)olc, and a]s(‘ because the moment of the dipole 
itself becomes less and less. 

Mi\luu‘ —In the mixture ether will exert effective polarising action on 
ben/ene. 'The inconspicuous posit i(m of the i)Ositive end of the dipole in ether 
and its great distance from the surface of the molecule, which is the cause for 
only little dipole energy in pure ether, becomes the very cause for gieat [udarising 
action in Ixui/ene. 'Phe negative jiole ‘O’ of etlur can induce dipole in a benzene 
molecule wilhotit much counter-influence from the positive end and cause great 
irilennolecular action between the unlike molecules. 

Due to the separation of the ether molecules on the introduction uf bcir/ene, 
the di]H)le action among them is reduced more than inoporlioiiately due tfc) the 
distance effect, and so, on tliis account alone, the compiessibility curves should 
lie above the straight line for the ideal case,/.*'., be convex, but this convex 
curvature w'ould be very small indeed, due to the minor role played by the 
dipoles ill the i)urc li(]\iid. Inom what we have considered above, however, lliere 
W'ill be greater di])ole action IietwcLii ether and bejLccne molecules than between 
etlier molecules tlieiiisclves. Due to tin's cause the intermoleculcr energy of the 
mixture is expected to be grealei, rathei than less, than that required for the 
ideal case. Hence the coiiijnxssibility curve shall be conca\'c, i.(\, lie below the 
straight line of the ideal ca.se. 


IVl 1 X 'f \1 R E go '1' IT Y L A C \\ T A T V. ANT) CARBON 
'V 'r R A C 11 Iv O R 1 T) K 

Ihiic liquids — lUhyl acetate is an ester, having a dipole, but as in the ether 
molecule and for similar reasons the dipole plays a minor role in intenuolecular 
action - 

M/a/N 7( : — Due to the slightly polar character of ethyl acetate, and the 
non-polar and non-polarisable nature of carbon tetrachloride, the intennolecular 
energy is expected to be less than that for the ideal case, due to the separation 
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of tlic diljoles in the mixtures. The roiiiprcssibility curve is tliercfore expected 
to be slightly convex. 

Now, (.Ua>sstone’' has sliown that the mixture shows abiioniial dielectric 
polarisation. This shows loughly that there is some sort of dipole bond between 
the unlike molecules. W'e won't go into the discussion of llie nature of the 
bond, etc., since it is highly controversial yet and also is not relevant. 
All v\c can say is that there is, therefore, a new source of molecular interaction 
between the unlike molecules which W’ill tend to lower the compressibility cuive. 

The treatment of this mixture how'ever, at the piLsent stage, lacs precision. 

In conclusion, it is my great pleasure to thank Dr. A. K. Dutta for discussions 
and helidui suggestions. 1 thank ITof. D. M. Bose for his keen interest in 
the W'ork. 

liosi; RrsKAKCH iNSTinm, 

Caicutta. 
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ON A COMPARATIVE STUDY OF THE REFLECTIVITIES 
OF ALUMINIUM AND SILVER FILMS 

By M. V. SIVA RAMAKRISHNAN 

{Reiciveil joi t^iiblicatitni, Jiif^iisl 2 , kj^i) 

Plates J, IT 

ABSTRACT. /\ t ainiiinativc/ sludy vl evapoialcil aliiininiiim filiii.s with llial of rhciiiii'allv 
(Ippo, sited imd NjMittcrcd silvei (ilnis is given. Tin relloetivily of (he tilin.s in the visihlc, nenr 
infra-i't’d and i]llra'\ ](d( t [tart ol Itie .speetrinn is disen.ssed at length and the deterioration of 
silver lilnrs with lime is .shown. Method.s of preparing tlie resijcetive lilni.s are also given. 


I N T R f) I) 11 C T 1 0 N 

A study of jiielallic refleitiiig surfaces is engagiug the atlenliun of iiiimy 
physicists in recent years in view of its importance to various optical instruments, 
sucli as Reflectors in Telescoi)es, Interferometers, Coelcostats, etc. There are 
three well-known methods of obtaining thin films of metals on to surfaces namely, 
chemical deposition, cathode sputtering and evaporation. 

Each of these is characterised by certain restrictions and advantages. Chemical 
deposition cannot be api)lied to surfaces like rock-salt which are attacked by 
water; sputtering is ])aiticularly suitable for preparing films of llie platinum 
metals, and the evaporation process is suited to the application of aiuniiniuin films. 

(.)f the metals useful for reflcctioii of light in the visible spectrum, the three 
most important are aluminium, speculum and silver. The mirrors in astronomi- 
cal reflecting telescopes were formerly made of speculum metal' — a hard alloy of 
copper and tin capable of taking a fine polish and having a fairly high reflecting 
power. Hut on account of the low reflecting power of speculum^ they have been 
enlirely replaced by glass mirrors coated on the figiu'ed surface with a thin film of 
silver. The silvered surface, w'hcn fresh, has a high reflecting pow'er for wave- 
lengths gicaler than 37;^o A.U. But the reflecting ] tower diminishes with time, 
owing to the gradual oxidation or to famishing due to the action of sulphur 
dioxide in the atmo.sphere. VV'here such atmospheric contamination is intense, the 
reflecting power falls rapidly, and. even under the most favourable condition.s, 
theic is a gradual fall in the reflecting power. Hence the mirrors have to be 
periodically dismounted and resilvercd. Mirrois coated with aluminium, on the 
other hand, have been found to have the remarkable property of wilh.standing the 
deleterious effect of atmospheric conlatninatioii for long periods of time. A 
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freshly deposited film on exposure to the air iininediately oxidises, and the oxide 
coating forms a protective layer which prevents the tihn from tarnishing. Sulplun 
dioxide in the atmosphere docs not tarnish an aluminium film, or if at all, it does 
at a very slow’ rate.“ This observation is based on an experiment ' conducted in 
('.reeuwich with a small mirror partly coated with silver and partly with alumi- 
nium. By the time the silver film had coniplelely become yellow, the aluminium 
film w^as found unchanged. Dr. Strong mentions that the mirrors of a telescope 
aluminized in October, 1932, and in constant use since then, sliow no signs of 
tarnish/ In addition, aluminized surfaces have been reported to have higher 
reflectivity in the ultra-violet than silvered surfaces, and this paper deals with a 
comparative study of the reflectivities of aluminium films wdth those of .silver 
obtained by sputtering and chemical deposition. 

H X P E R 1 M H N 'P A L A R A N O E M E N T 

l^irvious \Vork\'^ — Dr. Strong has described an apparatus for measuring the 
rellectivitics of metal films for small angles of incidence. His ai)paiatns is shuwm 
in fig. i{a), Dight from a powerful source falls on one of the comparison mirrors 
B and the light is made to fall on a photometer and the reading is recorded. As 
sliowm in fig. 1(6) the mirror to be tested is placed between the two comparison 
(u) 


S S S jQ pmotomctep 

TO PHOTOMETER ] 

I. Rm 

Fig. I 

mirrors so that light is reflected from that and then falls on the photometer. The 
apparatus therefore measures the square of the reflectivity. Measurements arc 
made with monochromatic light obtained with a Muller-Hilgcr doulfic quartz 
monochromator A Neriist-filaiiient as well as the Sun is used as light sources 
and quartz sodium or potassium cells as receivers. The photo-current is measured 
by an electrometer by a null method as well as with an amplifier and galvano- 
meter. 

The author has used a simple apparatus as described below' for the visible and 
the near infra-red region of the spcctnim. The irclhcd of pi occdurc has been 
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to measure the intensity of a li^ht beam falling on a photo-cell directly, and after 
refle(‘lioii from the test surface, and the ratio of these intensities, as measured by 
the respective photo-electric currents, gives a measure of the reflectivity of the 
surface. 








Fig. 2 


Dcsnipliou. 'l‘he api)aratus as shown in Jig. 2 consists of a T*shaped box. 
An incandescent loo-watts frosted tuiigstcn-iilament lamp A is used as the 
light source for the rellectivity measurements. For selecting various spectral 
ranges for the measurenients, Wallace colour filters are used. The transjnission 
band of the colour filter is delenniiicd using Hilger's constant-deviation .spectio- 
grajih. Sunlight is used as a source and the diiuiihcad of the spectrograph is 
adjusted l)y reference to tlie Ibauiihofer’s lines. The various colour filters arc 
introduced in front of the slit of the vSjicctrograph and the transmission band in 
the visible region of the spectrum is obtained for the different filters from the 
drumhead. 

The Idue filter transmits a band fioiii 4000 to 5200 A.IJ. 

The green filter transmits a band from 48(10 to Ouuo A.U. 

I'he red filter transmits a band from 5800 to 7000 AT'. 

The lamp is mounled on a holder fixed to the box and the switch for the 
lamp is also provided in the box. Tight from the lamp passes through a 2" square 
diaphragm lb and then falls on the colour filter which can be -slid in the groove 
cut on the other side of the same idank carrying the diaphragm. 

A convex lens of 6" focus is placed 6'- from the lamp so that the rays from 
the filter after emerging from the lens arc rendered parallel. A 2" square dia- 
phragm D is placed behind flie lens so as to limit the beam falling on the test 
surface. The holder carrying the test .surface is placed at 45^* as shown in the 
diagram so that the angle of incidence of the beam is 45'". The reflected light 
falls on another convex lens of 0" focus placed at 2" from the T-joint as shown in 
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the figure. The photo-cell used for the nicasurcineut is placed al (V' from the 
centre of the lens, so that all the light is brought to a focus at the concave cathode 
of the cell. The cell used is a vacuum cell, R.C.A. 017 and measurements are 
taken with a sensitive galvanometer using a lamj) and scale arrangement. The 
experiment is so conducted, that the same identical conditions pievail both for 
direct light and reflected light measurements. So the same photo-cell is used for 
both positions. 

For direct incidence on the photo-electric cell, the plate-holder can be removed 
easily so that light is allow ed to pass directly and fall on a similar convex lens of 
0" focus placed al ?J' from the 'r-joiul as shown in the figure. The photo-cell is 
placed at from the centre of the lens in a 4-piii base already fixed there- 

r R I<: R A R A T 1 O N 0 V T II K V 1 1. M S 

ChcjuicLil Dl'Ih^sH ion . — The well-known Brashear inoccss and the Rochelle 
salt process are used for obtaining the desired films. The lu st is used to obtain 
Ihick coals on front-silvered mirrors. The Rochelle salt method, because its 
action is slow er, is used for partially silvered mirrors such as interferometer plates, 
w’hicli require a uniform thin film with a specified ratio of reflection and trans- 
mission. 

Rvaporalion Pioccss.' 'fhe process of obtaining evaj)ouited films is described 
in the author’s paper on ** A Simple Method ol Coating Ojitical Surfaces with 
Aluminium/' The high vacuum equipment necessary for the process Is given 
in figure 3. 


MSCHARGC TUBf 



'll 

FiO- 3 


Cathode Stndiniug - — The spullerin(> chamber is the same bell jar used for 
Ihe evaporation piocess with a hole iu the top for the cathode connection. A 
cast-iron plate which is carefully machined in the lathe and lapped well with the 
bell jar is used as the base plate, .so that it forms the anode. A terminal is 
provided in the base plate for connection to the secondary of the transforpier. 
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The cathcjde is a rectangular silver plate 5" x 4" which is suspended from the 
top. The glow discharge is produced with an alternating potential of 25,000 volts 
from a Transfonner working fioin iic) volts A. C. A niillianimeler is used to 
nieasiue the discharge cun cut. The pressure is adjusted to be about .01 nun. 
The (xilliodc is placed 5 ciiis. from the plate to be sputtcied so that the boundary 
of the (lark space is i>aiallel to the surface to be coated. The same vacuum 
e(|uipment as for aluminizing purposes is used but only the Cenco-Hyvac pump 
IS worked. The [>ressure is indicated by the Mcl^eod Chiuge placed in the circuit. 

Iv X P R I M K N T A Tv P R O C K D P R K 

The experiment consists in taking readings with the photo-cell and galvano- 
inelei for direct light and reflected light from the coaled plate for a particular 
waveletiglh, using the proper filler. The reflection ccK'fficients are calculated in 
each ca.se and laliulaled as shown in tables 1 to VJI below* 

Two .1-1)111 American bases are fixed one at ( i and another at J, so that the ceil 
alone needs to be shifted ftom one positicni to aiiolliei. Tlie cell is worked with 
an anode voltage of (x) volts. 

Readings are taken for the coated plates for diflerent spectral regions choosing 
the proper filler and tabulated as shown in tables below. 

The reflectivities of the f()ll(.'W'ing plates aic comiiared : — 


<l) 

Chemically silvered f])olished) 

Tabk^ I 

(:0 

Chemically silvered (luipoiislied) 

Table II 

(.0 

Sputtered (polished) 

Table III 

(4) 

Sputtered (unpolished) 

Table IV 

t 5 J 

Chemically silvered (after 15 days’ exposnie in lyalioraloiy) 

Table V 

(<’) 

Chemically silvered (after days’ exposure in lyaboialory ) 

'ral)lc VI 

(7) 

Aluminized plate 

Table VII 


Taupu 1 

vSilver Plate (polished) 


P'iltei nsecl 

; Wave-leagtli 

1 inA.U. 

i 

He Heel ion lor 
direet 

I )i Heel ion for 
U'ilerted liglil 

Reflection 

coefticienl 

Blue 


:iS aim 

.^3.5 mm 

94 % 

(irteii 

1 6 uOu 

{ 

i ! 

Is mm 

14.5 mm. 

y6 % 

Red 

1 — /oue 

! ' 1 

155 min. ' 

j/17.5 mm. 

95 % 
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Table II 

Silver plate (unpolished) 


Filler used 

Wave-lengtli 

Deflet'tioii for ] 

Defleetion foi 

Refleidlon 



in A.P. 

dll t el light 

rcllerled light ' 

(•( lelliei^’Tit 


Flue 

; 4000 — 

:'S nun 

*10 s nun. 

'^2 % 


fireen 

1 -iSdo- hoof) 

IS mil’ 

i^voinm ' 

0/ 

/ /'O 


Red 

1 t^Soo — 7000 

iss, mm. 

mm 

% 



TATil.lC III 

Sputtered ])k\1e 


1 "liter ufjcfl 

\V.'i\ e-length 
in A.l\ 

!)( Ileetion for j 
diiei't light ! 

r>enc‘( tion for 
letleeted light 

Relli c'tion 
coelTieient 

Blue 

! 

1000 Sjoo 

1 

2^ imn j 

1 

22 mm. 

1 % 

(Ireeii 

-iSoo (MKtn 

15 mm. 

i^.o mill. 

1 e 3 Vu 

Red 

:;;So() '; ( lOf ) 

1 RS 5 

I 17 S ”uii. 

: 03 "n 



Table IV 




vSpiittered plate (jioli.shed) 


I'illt r ii‘ ( d 1 

W'nvf-U 
in A I'. 

( t ion for 
din it light 

Dcflf rtion for 
reilei U d liglil 

Ri'fli’L't ion 
eoe(Ji(‘ieiit 

Rhie 

/joixi — 

1 r’.s mm 

23. S mm. 

04 'X 

nrc’cii 

,']SoCi — 6000 

i 

j i.S nim 

s.'] s mm. 

<)'> % 

Red 

c^S, ,t, — 7000 

1 

j i.s.smm. 

i/)7.5 mm 

g.s 



Tatii k V 




Silver plate (after 15 days’ exiiosure in lahoratovy) 

Filter used 

Wnve-length 
in A TT. 

' T)i flei t il 11 tor 

' direi t light 

' Deflei'ticm foi 
i retlei'ted light 

Reflection 

erjeffieient 

Flue 

,.'|000 

1 2 \ nim 

! iN mm 

i 

7 .S ''u 

Oreen 

/|SoO' 6oon 

16 mm 

1 

1 J 3 . 5 min. 

■'^4 1 

Red 

5cSoo— 7000 

i J55 

136.3 mm 

Hi) H % 
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Tahlij VI 

Silver plate (after 30 days’ exposure in laboratory) 


, 

I'lltwr iiM (1 

\Vave-l(*n^.tth 
in A f’. 

1 

T)efle('tmn for 
direct 

1 

; ! 

T)cd( i tioii for 
reflected li^ld 1 

i 

Reflection 

coeiricient 

Bhu* 

1 

401 »o- 5,-^nf) 

1 

j 2 ^ Jiini 

1 * 

1 j'/.s nini. 

j ‘ 1 

% 


— fSooo 

1 

' id mil). 

1 

1 1^.3 TJlUl 

<^3 % 

Rctl 

-yuno 

j Ja.S iniii. 

1 jjO^nini. 1 

i 

HS % 


Tawj; VII 

Alumiiiised jilate 


I'ilter used 

Wnvedenplli 
in A.U 

[ ! 

T>eflcctioii for 1 
(lircci lijulit 

Deflection for 
reflect ( tl lit»lit 

Reflection 

1 coeflicit'tit 

1 

nliK' 

1 1 

1 /'|00 (|— M) 

i ' 

25 nini 

1 

22 5 mill 

o'J % 

f 'ircLii 

1 

1 48110 - 6000 

i 

15 inm. ! 

J3>5imn. 

% 

Red 

c 

c 

1 

155 mtu. 

1 1305111111. 

0 '> '.V, 

j • 


Tabu.; VIII 


1 Rcfleclion CoeH’ii'ii'nt 

I 


Wiivc’ 

leiiglli 

in \ V 

Silvered 

polished 

1 

Silvered 
not polished 

1 

1 

Split lercrl 
Plate 

1 

Sputtered 

I’late 

(polished) 

At!, 15 days 
in the 
laboratorv 

! 

. A^, 5(t days 
in the 

1 laboratory 

A1 Plate- 

4000 — 5400 

y.1 

S-i 

n /(J 

9" % 

9^) % 

75 % 

7v % 

90 % 

4800 — dooi) 

g6 % 

«7 % 

93 % 

97 % 

S4 % 

«3 % 

90 % 

5S00- 7tHlO 

g.s 

go % 

95 % 

/o 

9^' % j 

88 % 

go % 


DlSCtlSSlON OP Till? RKSUI.T 

Taking the case of silvered plate, the reflectivity of a polished plate is 
sui>erior to that of an unpolished plate (Tables J to IV). The reflectivity of silver 
decreases with time (Tables V and VI). The reflectivity of evaporated an<J 
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sputtered films are less tliaii that of polished elieinical silver, but the films on 
polishing give a belter rcQcction. It is prolabJc that chemical silver, sputtered 
and evaporated films require burnishing lo form the metal into a compact film 
which exhibits a higher reflection coefficient. 

We find aluminium films are inferior io freshly deposited silver for reflectivity 
in the visible legion, ljut they have more or Ilss unilonii icflcctivity from 4000 A. t". 
to 7000 A.IJ. uhich IS very useful from the point of vicv\ of photography. 

Rcfleciiviiy in ihe nd and vrai ivha-uuL — For taking measurements in the 
red and near infra-red, Zeiss Ikon Infra-red filleis, l\-io, K-15, are used. 


i<: X r n u i m u n t a f a u r a x c; ic m u n t 

The same apparalms as used ft)r the visible region is used for the measuie- 
inenls as tlie glass can transmit up 1(j in the iiifia-rcd. The same photo-cell 
which is very sensitive in the iiitiu-rcd, as shown in the special chart given by the 
makers, is used for the readings. Measurements are taken as before, first lor 
direct light and then for lefleeted light, in the case of the chemically silvered plate 
and aluminized [date respectively. 


TATMJi IX 

Aluminium (near Infra-red) 


Filter used 

Deflect ion foi 

1 

Deflection for 

Reflection 

(Zeiss Ikon) 

direct light 

reflected light j 

coefficient 

R n. 

15S min. 

130.5 iiini. 

[ yo % 

R* 1:^ 

i 

177 111111 

ifu.o inni. 

S6 % 

R-.;(. 

j 123 inni 

05.0 nitn. 

1 

H % 

Tari,!.; X 


Silvered (polished) Plate 


I 


Filter used i 

(Zeiss Ikon) ' 

i 

Deflection for 
direct light 

Deflect ion for i 

reflected light j 

Rcflccticii 

cocHicieiil 

R — IO 1 

j J53 nun. 

1 ' 1 

1 147.5 mm. I 

1 

‘AS % 

R ^15 

1 177 mm. 

' n 1 inni. 

05 

R-^2o 

' J 1 2 imn 

107.5 mill. 

06 % 
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hjjcH'iuc: — iM'oni llic Tal)lcb IX and X one can easily see how the alu- 
iiiinimii films are inferior lo silv^er in reflectivity in the red and near infra-red. 

Tile following lalile reveals to us a coinparative percentage rcllection in the 
visible and near infia-red region of the spectrum for the eheniically silvered and 
aluminized jilates. 


Taui.k XT 




Visthli 


; Nc'.'n 

r iiifia-nd 

\V;iV('-Ji'i4gIi 

in A.C. 

|( l( )( )— Jl l( ) 

.|Suii n(ui(» 


K - 15 Zt iss 

R JO Zeiss 


ninr 

( >1 1 ('ll 

Red 

1 

Ikon filler 

Ikon filU'T 

! 

IVn cnt^igt* j (Ah 

()n 

i ()(» 

(JO : 

: ; 

S .1 

Iffk'i'tiull ' (Ai;l 

'd 

1 

1 ‘^7 

95 

95 



On the supciiaiily of AluniiuiUNL ovci Silvci Films in the ullm-violct icgion 
of Ihc .spcchuju — lojr investigating the leflectivily of aluininiuni films in the 
ultra-violet region of the S]>ectrum, a (juaitz spectrogiaph and (juartz mercury- 
arc are used. Kollovving, in the iiiaiii; the method of Hen Johnson’^ and Sabine,® 
the atteini)! has been to take photographs of the s])ectrum of mercury arc for 
direct liglil fir^t and then after reflection fiom the test surface, the surface being 
l)laced here at .ps" angle of incidence. The spectrograms show clearly the 
1 dative ‘‘ density " <)f the lines 

(a) when photographed direetl> , 

ib) when photogiaphed after lefleclion from Hie test surface. 

iMicro-ph(Hometer lecuids are taken lor wave-lengths below' 2500 A.U. and the 
records clearly ^how’ how abiminiiini is supeiior to silver in that region of 
si»ecti mil. 'I'lit* exact experimental details are given below. 

V X p K R 1 ]\[ i<: N r A L PRO c' li I) V R n: 

Iht Same Hox (big. 2) as previously used for finding tlic reflection 
coefiiciclit in the visible region oi the spectrum is used with all the lenses removed 
leaving llie plate-holder alone. « As show n in idiotograph the box is provided with 
slits at the three corners of tin T’ Hox, so that light can pass through them 
freely. After making the preliminai v acljiistments of the quartz spectrograph 
such as llic' width of the slit, fofiis, tilt mc^tjun, the (jULirtz arc is placed in a verti- 
cal iKisuiou, so that a photogniph oi the spectrum of the diiect light can be 
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PLATE II 


MICROPHOTOMETER RECORDS FOR WAVE LENGTHS 2482, 2399, 2378 
OF MERCURY ARC 



REFLECTED LIGHT 

( Silver ) 


DIRECT LIGHT 


REFLECTED LIGHT 
(Aluminium) 
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tuktiK Then the quartz aic is placed for the rellectecl position, so that 

a photograph of the speclrniii of the refiecled light from the lest surface can 
be taken. In order to gel a comparison i>hotogiaph of the direct light and 
reflected light for aluminium and silver lilms ies[)cctively, a wedge is used. The 
middle aperture is used for direct light, the loi) and bottom ones are used for 
aluminium and silver films resiiectively 

The plates used for the siieclrogratiis are ‘‘ Ilford special lapid panchromatic 
H.l). 700.” Jiverything being kept at identical eondilions, minutes* exposures 
are given both for direcl light and leflei ted iigliL The [jlales aie developed and 
the photographs thus obtained are show 11 in the left juige. 

T) 1 s c ( s I ( ) N 0 I' T I r H g n s r i. r 

j. From the photugiaph v\e can easily sec liow the reflection is stiong with 
the aluminized plate even down toA— d'he lines do not sulTer much in 
intensity 1)3^ reflection from the ahimini/ed surface. 

Below 3310 A.TT. Ilie lines of llie meiciny arc lefleLled from ahunininm are 
(ietiiiitC’Jy more intense than iroin silvered surfaces. 

vSilvev as can lx* seen from the spectrograms .show s cleaily a strong ab- 
sortition at 31^3 A.F. unlike aluminium. That is, on the short wavedenglh side 
uf 375fS the leflectiiig ])ow'er of silver falls off rapidly owing to scleciive al»sorplion. 
Til is is a serious disad vantage w hen observations arc reciuired in the ultra-violet 
region. In a reflecting telescope wliere the image is iiormally produced by 
reflection at two silvered minors this loss by the selective ahscjiplion is a serious 
han(lica[) for photographic work. It has been decided Iheieforc to coat the Presi- 
dency College 2/\^' Keflcclur which has been correctly figured, polished and j)ara- 
bolised wdtli aluminium instead of silvei. 

3. Below' 250U A.F. the micropliotomeler lecorcls taken show clearly liow’ 
aluminium is supericn to silver in that region of the spectrum. The micropholo- 
meler records are given in llic left page. 

4. For wave-leiiglhs greater than the lines of merenry arc fc3r silver 

are more intense than for aluminium, showing the superiority of silver in llie 
red region. 

S TI M M A R Y 0 1' R K S TI h T S 

1. Chemical silvej has better reflectivity when polished (Tables I to V). 

2. Silver films get tarnished soon and so lose in reflectivity with time 
(Tables V and VI). 

3 vSputterecl films when polished have better reflectivity and they are very 
nearly equal in this respect to polished chemical silver (Tables III and IV). 
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4. Aliuiiiiiiuni lias unifonn reflectivity hi llie visible region (Table VTI). 

5. Aluniiniuiii films are inferior to silver films in the red and near infra-red 
region of the spectrum (Tables IX and X). 

0. Aluminium is found to be superior to silver in the ultra-violet region of 
the spectrum. 

7. A freshly deposited film of aluminium on exposure (0 the air immediately 
oxidises and the oxiele coating forms a [irotectivc layer uhich [irolects the film 
from tarnishing. Nevertheless the film can be dissolved by alkali or dilute 
Hydrocliioric acid to which a tiace of copper sail is added. 

(S. Aluminium films are more slrongly adherent lo glass than silver fiirns. 
This tenacity makes it possible lo clean the surface of dust or other contamination 
by washing with soap and water. 

(j. Aluminized mirror scatters Jess light tliaii silver minors as the latter have 
to be polished and this jirocess leaves many small scratches upon the silver. 

1 wish to exiuess my thanks to rroJess(/r tl P. Krishnarnoorthi Iyer for his 
intere.st in my work and to Sir C. V. Raman for allowing me facilities lo take the 
microjihotometcr records in Ids I)ei»arlmeiit at the Iiistiliite of Science, Hangalorc. 

I’nvsics DivI'aktmi'.nt, 

I'aiiSiiii'.NCV Coi.M'.c.i.,, Mahkas 
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EFFECT OF DEPTH OF LIQUID ON DAMPING OF A 
QUARTZ OSCILLATOR 

BY K. G. KRISHNAN 

{Kct Lived fo} pitblication, Au^n^t n), ig^i) 

Plate 111 

ABSTRACT. Tin- paptT (lL‘S(’ribt.'s tlu* resiiUs obtainiMl in llie invest ij^ations of damping 
I if Ilia'll fiTf|iienL'v s )Uih 1 wavi-s at diffi rent deptlis of lifinids. Tin* T(‘siilt obtained for tlu'S(' 
liquids sLitjorests that llit re is no di firiite di'pendviH'e of tlic dampini^ effect either on (l)c 
hvdrostntie pressnie of Hie litjnid or viseosilx , hut il is found to have closer ni^reement with the 
ottler of the absorption values recently detennined by others. 

I N r R O D V (’ T I O N 

Measurements made at a hi^h frequency of several millions per second in 
liquid sliow danipinLi. Daiiipiny pr()dnces ;i clian^ie in ilie fre(]uency and (2) 
a lowering’- of the amplitude. 

Parlliasaratliy' has detected a chani^e of frequency of a quartz oscillator in 
liquids due to damping. Tin's chaii.^e in fretjiiency with depth may he attrihuted 
to the liydrostatic pressure of the liquid, viscosity or the absorption of the sound 
waves. 

The experiments of I^ticas' and Biquaid* in absorption showed serious 
disa,L>reenient witli the classical theory, accoiding to which the absorption is 
entirely due to viscosity and thermal conduclivity. Recently Iv. (i- Richardson/ 
by using a hot wire detector in a few liquids lias shown tliat lliough the 
absorption values were liighei than those required by the classical theory, 
they were very much low’er than tliose t)I)taincd by Clacys’ and others The 
serious difference is that while* Claeys lias shown the value of CS2 be 2000 
times that of its calculated one, Richardson has shown it to be only about 4 times 
greater An attempt is made in this paper to examine the dependence of damping 
oil the density and viscosity of a few liquids which show considerable absorpilion 
of ultrasonic waves, 

R X P E R 1 M K N 1' /V L A R R A N G K M E N T 

A single valve oscillator circuit of Hartley type was employed. The quaitz 
crystal nseel w as an x-cut of dimension 20 x 20 x 2 mm. I he frequency of the 
oscillation was about 4.3 ni c., i.c , tlie third harmonic of the crystal. Hie qiiaiU 
crystal was held between two metal contacts. 
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The container iksccI a tail rectangular vessel one foot in height and 2" x 2^' 
in sectional area. The vessel was placed on a rising table u ith a line screw 
arrangement l)y which it v\’as possible to raise tlic table gradually and the stem of 
which was graduated in mms. to denote the distance through which the vessel has 
been raised. The (|uart/ crystal was n ounted on an independent stand. 

The frecjuency of llie oscillator was measured at different depths with a 
precision wavemeter of the Cicneial Radio Co A suitable optical system was 
set up to get the difiractir u spectra at diffeicnt (]e])ll)s on a photographic [date. 
A ermstant wavedeugtli ol liglil (/f iiicKuiy spectrum isolated by a wratten filter 
No. 77 was used 

K X r T< R T M p: n t a l p k !•: c a r r i o n s 

It is important to check that there is no fluctuation in the freqnci ry at the 
same depth. The 11. T. and T. 'J'. voltages should be maintaijKd without 
variation during the time of nieasuicincnl Care was taken to pie\cnl cvai 01a- 
tion whicli would cause a change^ in the level of the liquid. 

A constant distance of 1.50 cm. between the base of the ciystal and the 
beam of light was maintained wlicn the difhacticn pholctgraidis at vaiyii g depllis 
were taken. 'I’he quart/ crystal was kcid iindistnrl cd thronglKut the ii \cstiga- 
tion. The liquids used were all jmre and redistilled. 


R p: t ( h r s 


The damping ccKflicient k can be calculated 


from llie ui-ual foniuda 


k = V a — a f 

where v is the undamped fuc^nency and ;/ 1 tic damped fucjiicncy. Table I 
gives the fiequeney at difleient depth's ai d li e cone^pc.] dli g coelTcicnl of 
damping 

Tmim T 


Pnuipin^L: ( ('-cfhciciU 


§^1 


Pin/riic 


5; c 




\Mo1 


p c 


.5 o 


^6 


('.'ll I nn Telrni'hloride 


n 

a ^ 




5® 

<T! ,]j 


CarPon IP'sulphide 


.B S 

P S 


1,5 t-m. 

•1 

Standard 

4 

Slamlai (1 

4 2(*53 

vSlaiidard 

4-2959 

Standard 

2.5 cm 


1 <’ 5 - 19 1 ^ H'® 

.'1 :'ir)o 

ii.5n( u > in 


59 J 7 O)*'- 

4.2491 

0 O403 X 

10® 

3-5 


j n.hnol X ,, 


5917 ^ ’■ 

4.2 J OS 

0.5403 X 

5 237.'^ 

0.7142 X 

1 • 

cm. 


( u 6^)03 .» 

4 21*58 

(*,PrS2 

4 2nJ ] 

0 7410 X ,, 

4 230O 

9.7551 

1 > 

5 .S cm. 

‘ 1-2774 

1 n 7211 , 

-1 1673 

! 0.831 7 ^ • . 

1(1,1 1 

1 O.C) 2 U) X ,, 

4 .21O2 

0.8307 X 

»» 

7.5 cm 

4 2(\V' 

1 n.Souo X ,, ! 

4 PS 3 ‘^ 

’ o. 5 (M 5 0 

1 ».S -!7 

i 9-9747 M 

4.1 722 

l.O'2Q0 X 


8.0 cm. 

4-2395 

j 1 >.8307 X , , j 

4 1495 

: n.()iP.4 X ,, 

4.1500 

■ o.g84g X ,, 

4 . 1 700 

UO350 X 

11 

S-S cm. 

4 - 257 ^ 

X 

CC 

c 

4,14 1J 

; 0.(1383 X ,, 

1 

.1.1471) 

o.ug4g X ,, 

4, 1 062 

I 1 .0490 X 

it 


* The depth of the crystnl will be i .50 ems, less than the values .shown in this cohimn. 
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PLATE m 


Depth 




BENZENE 


Depth 




CCI4 
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The frequency of the oscillator when the crystal was just iiuiiieiscd in the 
liquid was taken as the standard in eacli case. It is evident from the table that 
the damping is considerable at a depth of about 8.0 cms. for all the liquids 
investigated. 

Tabi.k 11 


Liijuid 

Danipeil frequency 
the crystal at a depth 
of 6.5 dll'!,. 

Density 

(Ilaiid-BooU of Chemistry 
anil rhysic.s) 

Viscosity 

(Iland-ltooU of Ch. 
and l*h ) 

Ucn/fiic 

0.0786 ui.c, - 1 .8"'o 

0.8784 nt 2o*C. 

o.oor»49 at 20 *C. 

Xylol 

o.ngqh ,, 

.,0, 1 

u.86,j 1 ,, 

000615 ,, 

CCI4 

0-3 153 . 


• n 

0.00969 ,i 

cs., 

0 1:159 1, -2.9% 

J.2628 ,, 

r'l 

C 

C 


Table II gives the percentage damping of frequency in each li(]uid at a 

constant deiilh of 8.U cms. of the beam of light from the surface of the liquid or 

0 5 cms. of the crystal from the surface. 



Fig. I 

Fig. I shows the relation between the depth of the crystal, lather the beam 

of light, below the surface of the liquid and the corre.sponding frequency of 
oscillation. The experimental points for all liquids arc in straight hnest Near 
the bottom (where d > 6 cms.) there is a slight deviation. 
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D T vS C IT s S T O N 

The energy of the oscillation is lost through the crystal holders and by 
dami)ing of the liquid, l^ow, if this damping effect is due to the hydrostatic 
pressure hpg of the liquid, then it must depend on the density of the liquid. But 
from table II it is seen that the damped frequencies do not increase with the 
liquids of higher density. It is also seen that there is no increase of damped 
frequencies with viscosity. It is observed tljat the change in the magnitude 
of the damping effect in the liquids investigated fol]o\\s moie closely the order of 
their absor])tioii values of ultrasonic \Aaves in them. 

The photographs also depict the dccicase of cideis with depth, wliich 
suggests that tlic supersonic intensity dencases w illi the increase of damping. 

The author wishes to thank Prof. J. West, D.v^c., I". Inst. P., for his constant 
interest and kind encouragement. 

Pi-I'aicj'mknt or Physics, 

INiyvksitv Colcuoh, Rangoon 


k n V k R )•: N c p s 

T T III tliasiii, ally, S.j 1 luL J end . Si i . (A), 3, ssi liosh) 

Pr Tis, K , .'111(1 P/K|iinr(k 1' , I'ujus. V'mnd. Sih , 33. iS'* 
il, P , /lin/ ms ) 

^ ku h:n (ls( 11 , (>., I’f (H . riivs, Soi . {J dihL) IS 7 uiio). 

^ C1:m v‘n, J., I'’rreia, and Sack, II., V'kocs. h'anui. Soi 33, 1 p) (igi 7 ). 
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STRUC rURE OF THE ELECTRONIC BANDS OF THE 
OD MOLECULE. PART IV (SPIN DOUBLING) 

By M. G. SASTRY 


[Rnrivrd fo) f^nblirulion, Auiiust /g, iq^i) 


ABSTRACT, The theoretical h)rniul.i derived by Hill and Van Vleck for the energy 
differcnccMignoring the niagiielic eflcrt of molecular rrtalion) hetuTrii lh(' conipoijent.s of a 
douhlcT TT-slate, represtmting any intermediate stage of coupling, has heen verilied hv ippli- 
ration to the observed data of tlic spin-doijhlet widths of the OJ) molecule. Coiitrarv t') llie 
observations of Johaston, the agreement l)et\\een the experimental and calchlated values is 
shown to be fairly satisfac tory, considering the approxirnaticin made in the tlieoretical deri- 
vation. Incidentally, type* value of the spin-coupling constant for the upper electroliie state, 
r)f the 01) inolei'ule, is believed to have hccii determined as equal to o.z, which cannot 
fdherwise be estimated unless (be sattdlite branches are also identified. 

Th/j spiu-douljlet widths for the Oil and f )!) nioleeules are ('om|jared and, as observed 
by Johnston and by Shaw and (libhs, the latter aie found to be larger, althougli tlie Ol) mole- 
cule is heavier. The variation of the difference between these widths with K indicates a 
maxim at K~6. J'his is sliown to be in eoinpletc agreement with the theoretical value 
derived from Hill and Van Vleek’s formula. 


T N T R O 1) 11 C T I O N 

Usiiiy llic method of the old quaiilnni theory, Kemble' first derived energy 
formulae for diatomic nioleculc.s which arc aiiplieable ovci poi lions of the tran.si- 
tion range between Hmid's Case («) and Case (h). Hill and Van Vleck" later 
treated the piohieni by the new (jnanUnn merhanies and obtained for doublet 
electronic .states, vepiesentiiig any .stage ui eouidiiig, the iollowing e'loscd fonmiJa 
for the rotational eiieigy, 

W s= B„[(J + i)"-A"±-H4(J+ + ... (i) 

where A, = A/B„ and A = i for the rr-state ; the upper and lower signs refer to 
the two component states and respectively. The above ccpiation gives 

the combined effects of the rotational and spin energy in a given state. 'Ihe 
energy difference between the two doublet conipcnents due to spin effects alone 
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could iiot Ik- scpiiratcd out ; but Hill and Van Vlcck obtained from (i), by 
bimidilicatiou, the doublet energy dilterencc approximately ab 

^ + + + ( 2 ) 

The eqvuilion \\ as tested by them, by refereiice to the spill doublets of the (1,0) 
band of OH at A2811. l-xcept for a snialldiscrepaiicy,theol)serveclandcab 
ciliated values wcje found to ai-ree well and better than was shown earlier by 
Kemble. Tile discrepancy uas ascribed to the neglect of the contribution 
towards the doul^let inteival aiising from the magnetic field developed by 
molecular rotation. 

In a recent pa[)er Jjawson and Johnston applied the formula to the various 
Oh bands and concluded tlial it failed to lepiodiice actuiately the spin-doubling 
spacing obtained from ex[)ci imeiila] data. The failnre of the equation when 
applied to the si)in doublets of the OD molecule was also briefly reported by 
Johnsloii* but the detailed data have not so far lieeii published. 

The recent work of the author * on the stiucture of the 01) bands has enabled 
a detailed study of the validity of Van Vlcck’s equation, which forms the subject 
of this paper. 


R K S II Tv 1 vS AND D 1 S C U vS S I o N 

To obtain the experimental values of ihe electronic sT)in width the^usual 
met hod is adoiited, Wc have’' 

Q,(K) = F/(KJ - k/\(Kj 
and U2(K) hV(Ix)“F/.(K). 

lienee 

li/ <(K) - [(J,(KJ-QJK}J-LF/(Kj-PV(K)| 

- I.L>L(lv)-Q:aK)|-yJv 

where 7 is a small cunstaiu representing the spin doubling in the upper state 
"i: ' SiiDihuly , 

FV\JK;-1^",^'K) - |Ri(K) K.(Kj|-7(KM i) 

- Llb(KJ-iyKj|- 7 (K-j). 

InVauVlecks theoretical cfinalion the diflcreiicc between tlic terms F/^(K) 
and F(FTK) was ignored so ^that vvheu the mean of these terms is taken, tfie 
experimental value should agree with the theoretical value if the equation is 
correct. We therefore write 

^ = U{Fa'^^^K) '{F2 "j,(K) ~Fj"(.(K)}1 . 

=="--UlQi(K)-Q2(K)}+i{(P,(K)--I\ (K) +(Rj(K)*(R.^(K)J}]-7K (3) 
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Table I 

Spin-doublel ujidihs ui the OD molecule forv^'^i 
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1 
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132 7 

32.0 1 

26.9 

28 4 

32 .8 
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2 
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1 

116.6 
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16.2 
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103 0 
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93 
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5 

84.9 
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1 
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84.1 
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84.1 
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P 3-9 

(1 

78 0 

76.6 
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77 0 

77.2 
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7 

69.6 

1 

71.2 
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1 

70.6 

70,0 

69-5 
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70.3 

70.9 

70-5 

70.2 

8 

(14.9 
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65.0 
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64.2 
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3 
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65.4 

65-4 
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60 . S 

i 
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60-3 1 
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61 .1 
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jn 
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11 
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In Tabic I the doublet intervals derived according to the above equation are 
shown in detail for the bands having the final state For the remaining 

bauds the observed average values only arc given in Table II.'' It should be 
noted that the correction lerni yK is ignored, as the value of y has not been 
determined for the OD bands. The tables also give the calculated values of 8 in 
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each case, in determining which from equation (2) the following mean values of 
the constants have been adopted (they are in cms,”^) : 


A=“ 130.4- 

Ho"- g.^o 

The agieeruent between the observed and the calculated values is close for small 
rotational quantiun nninbers, but for large values of K there are markedly in- 
creasing divergencies. Hie difl'erence (obs. - calcj, however, varies linearly with 
K. The representative curves drawn for t''==o in fig. 7 bring out these features 
clearly ; the linear relation from curve (3) may be expressed as 

Mobs./ — 8(calc.) == 0.2 K. 

The constant 0.2 obviously represents the small factor y of equation (3). It is of 
the right order of magnitude that should be expected for the OD molecule, for 
which the spin-coupling constant A is - 130.4, nearly the same as that for OH- 
If this correction, depending on 7K is made in each of the observed values, 
according to equation (3), the agreenienl becomes very close even for large rota- 
tional quantum numbers. The outstanding differences after this correction are 
to be ascribed to the approximation made in deriving equation (2) and perhaps 
partly to observational errors. ' 




Explanation oj figures v — In these, curve (i) represents the observed, curve 
the calculated values and curve (3) the differences plotted against K* 
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The author therefore cousiders, contrary to what Johnston had observed, that 
Van Vleck’s theoretical equation represents the electronic spin doubling in Uie 
doublet rr-slate of the OD molecule fairly accurately. In the light of the above view, 
the data for the OH molecule given by Johnston and Dawson are re-examined, 
The curves in Fig. (3) are drawn for v"=o tor OH, similar to those in Fig, (i) 
forOD. The linear curve (3) in this figure gives the value of 70,1=0.2 which 
agrees very well with that determined otherwise by Almy® as equal to 0.216. 
Dawson and Johnston appear to have omitted the correction factor yK, in esti- 
mating the observed values of the spin-doublet si)aciiig. If this correction is 
applied, the agreement becomes very satisfactory even for the larger values of 
K as well. 

Incidentally, it is desirable to point out that the above discussion provides 
perhaps a new method for obtaining the spin doubling constant y of the upper 
st.atc oftheOD molecule, which cannot otherwise be determined from 
ob.servational data alone, unless the satellite branches are also identified. 


COMPARISON OP T H R SPIN- D O U B L It T I N T R R V A I, S 

1 N on AND OD 


It was re[)ortcd by Johnston^ and also by Shaw and Oibbs,'’ from as yet un- 
imblishcd data, that the spin-doublet spacing is larger for the OD than for the OH 
molecule, though the former is the heavier of the two. Johnston also observed 
that the difference in the sinn-doublet w'idths lor the two isotopic molecules is 
zero at the origin and increases rapidly with K up to a maximum and then 
approaches zero asymptotically. The present detailed data confirm the above 
observations as is evident from Table IJ. It is possible from these data further 
to verify the validity of Van Vleck’s theoretical equation, as is shown below, 
liquation (2) for the spin-doublet interval may be written as 


5 , = B/,-{(y=' + M)^-y> 

= Ih/{(y'^ + N)^-y} 

where S/, and are the spin doublet widths for the OH and the OD molecules, 
B* and B,y are the respective constants and 

y = 2K + 1 

M (A/Blf)[(A/Bj- 4 ] 

N= fA/Brf)[(A/B„)-4]. 

If the value of {^,1 ~<i/, 1 is ijlotted against K, the value of K for which the curve 
shows a maximum is given by the condition, 


5 — 1423PVI 



y 
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Taking the tirst three terms in the expansion of 

[ 

the value of y when the above condition is satisfied is given by 

^ ' Nlirf-MB/, 

Substituting the values of the constants given above for the OD molecule 
and the conespondirig constants for the OH molecule/® we obtain that the 
niaximuni occurs at 

K = 5.7 for v" = o, K = 6.0 for v" = i, K = 6.2 for v" = 2. 

Kig. 3 shows a curve for v"— r Iretvveen 8,; ~ and K similar to that shown 
by’ Johnston^ fort'^^^o. It indicates a niaximuni at K = 6, in beautiful agree- 
ment with the theoretical value. 
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BAND SPECTRUM OF BISMUTH MONOCHLORIDE 

By SANTI KUMAR RAY 

(Received for publication, August igii) 

Plate IV 

ABSTRACT. The band spectrmtj of bismuth chloride has been photographed both in 
emission and in alisorptioii. A numljer of new bands has been disScovered and is found to form 
a part of the existing less refrangible vsystein of RiCl. The correctness of the vibrational analysis 
of Morgan for the two band systems of BiCl is confirmed. 


TNTROnUCTTON 

It is now well known from the recent woik of Morgan* that bismuth inoiio- 
chloride has two band systems with a common lower state. One of them lies 
in the blue-green region between A43oo‘A54oo and consists of bands degraded 
towards the longer wave-lengths. The other system comprises bands in the violet 
region between A3600-A4000 and shows peiTui ballons in the uppei state. The 
direction in whicli these bands degrade is uncertain but they look somewhat 
diffuse on the red side. The two systems have been designated by Morgan as 
the less refrangible and the more refrangible system respectively. 

In the course of an investigation conducted with the object of identifying 
the bauds of bismuth monoxide, a number of new bands due to bismuth mono- 
chloride has been observed in the region A43oo-A57oO' 1 hey are quite distinct 
in appearance from the oxide bands wliich lie in the longer wavelength side of 
A5400 and are partially resolved even with the dispersion of Hilger U.i quartz 
spectrograph in this region, hike the bands of the less refrangible system of 
BiCl, they .are entirely absent in the spectrum of the flaming arc fed with puie 
metallic bismuth, but appear intense when the arc is fed with solid bismuth 
trichloride. It may, however, t)c noted that sometimes they are weakly developed 
in the spectrum of the flaming arc fed with metallic bismuth, evidently due to 
the presence of the subchloride as an impurity in the metal. That these new 
bands are due to bismuth monochloride is further evidenced from the fact that 
several of them show isotopic beads due to and BiCl^^ in their expected 

positions. This alone is sufficient to prove the identity of their emitter beyond 
any doubt, The object of the present paper is to report the vibrational quantum 
analysis of th^se bands. 
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Fovsoinve of emission of the BiCl bands, Ihe flame suftoinuling a caibon 
arc running from 220V. nniins and taking a ciinxml of about 3A was used. 

Tlie lower electrode (*f ) of the arc had a cavity which was filled with solid BiCl.n 
and fed with it at regular intervals during exposure. 

To obtain these l)ands in absorption, light from a Philips 500- watt projection 
lami) was passed through the vapour obtained by heating solid BiCln in an open 
iron tube contained in an electric resistance furnace and then focussed on the 
slit of the spectrograph. The iixm tube had a length of 7ocms., an internal 
diameter of 1.6 cms., and a wall thickness of 0.25 cm. It was held coaxially inside 
the furnace whose ends were properly insulated to minimise the loss of heat. 
When the temperature inside the furnace was about Soo'^C., only the bands of 
the more refrangible system began to appear while when the temperature u as 
more than about looo'^’C., bands of both the systems made theii appeal ance- At 
about nooX\, they were very excellently developed. 

A Fucss quartz prism spectrograph of large light-gathering power was used 
for preliminary observations. Hilgcr K.i quartz si)ectrograph and It. 52 glass 
spectrograph as well as a 6-ft. concave grating spectrograph on a Paschen 
mounting were used for obtaining plates for measurements Ilford Hypersensi- 
tive (IIP 2) and Kmpress plates were used. For comparison, iron arc lines were 
photographed. * 

Measurements were done on a Precision type Oaevtner coniparator IMioi). 
Several sets of measurements were taken. In no case the individual wave-length 
of a band head differed from the average value by more than ±o.ojA. 

THK bFvSS RKFKAMGinLK BAND S Y vS T D M 

The bands of this system were known to the early investigalois, but until 
recently there existed considerable doubt regarding their emitter. Fdei and 
Valenta,*-^ who had photographed the flame si'icctnnn of various bihiiiiith com- 
pounds, lecordcd as many as IwentyTuo of these band heads in the region ^^350- 
A.4935, but attiibuled them to the oxide of the metal Mecke and Guilleiy® weie 
also of the same opinion. Using the data of the above authors thejLattempted 
at a vibrational quantum analysis of these bands and ascribed them to the diatomic 
molecule of bismuth monoxide. A different view was, however, put forward 
by Saper^ who excited them hy introducing vapour from healed BiCb^ into active 
nitrogen and attributed the band System to the diatomic molecule of bismuth 
monochlorklc. Saper substantiated his assignment fiom observations of a 
vibrational isotope shift in agreement with the expected shift for Cl = 35 and 
Cl=^37 in some of the bands. In 1933 Ghosh,'' who had not evidently taken 
notice of Sapor's work, photographed these bands in the spectrum of a flaming 
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Fig, I. 

( a ) A portion of the less refrangible system 

( b ) A portion of the more refrangible system 
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arc fed with either metallic bismuth or bismuth trichloride and attributed them 
to Irisrnuth monoxide. These conflicting views regarding the identity of their 
emitter led Morgan to investigate the spectrum of bismuth trichloride in absorp- 
tion, For the source of absorption, he used the vapour from solid DiCl-) heated 
at a temperature sufficiently high to vaporise bismuth trichloride and dissociate 
it to form BiCl. The spectrum was also developed when chlorine ^as was passed 
over the molten metah Using spectrographs of dilTercnl dispersions, Morgan 
measured about eighty-lvvo band heads in tlie region A,^3oo-A54oo and carried 
out their vibrational analysis. Besides obtaining a satisfactory conformation of 
isotope theory, he noticed marked similarity of this band system to the correspond- 
ing band system of BiF and BiBr and confirmed Saper's view that its emitter 
is the diatomic molecule of bismuth monochloride. 

Ill the present investigation, in addition to the bands recorded by Morgan, 
a large number of new bands has been added to the system, a portion of which 
reproduced in Fig. i(a). It is found from an analysis of their vibrational 
struct lire that some of these bands belong to the higher members of the different 
.-^LHiueiicewS observed by Morgan while others form new negative sequences of tin 
system in question. 

The band head data for the coniplete system arc given in Table I vvliici 
iududCvS observed wave-lengtli and wave-number data of heads together witl 
their estimated relative intensities (given in parentheses) and vibrational quantum 
assignments. The last column of the table contnins the wave-number data ol 
band heads recorded by Morgan and his evStiinatecl intensities. The v-, '^''-values 
of band heads due to the less abundant isotopic molecule, BiCF^ are marker 
with asterisks. The diffcicnces between wave-numbers observed and those 
calculated from Morgan’s equations arc also given. It may be noted here tha' 
the deviations in the case of the new bands are wcU within the limits of experi 
mental error. This shows evidently the conxetne-ss of not only llie vibrational 
quantum assigiuncnts to the new bands but also of the vibrational constants in 
llic band head equations evaluated by Morgan. His equations are as follows ; 

BiCl‘‘'^ : v=2tSoi,8 + {220.3(1^'-^ D - 2 .So'V-}'J)“}--{ 3 o 8 . 4 {^'' + i) -o.Q6(a’" + 4)") 
BiCF^ : v=2iSoi,84"{2X5,i('i^' + iS)-2*38 (^'+ — o.92(x>'H i)^} 

It is only for the band head at 20283.51; that the present assignnient of 
V-', 1;"- values is different from that of Morgan. Although the observed wave- 
number is equally close to the calculated wave-number of the band heads, (6, 9) 
and {3,7), it is assigned to the latter from a consideration of the intensity 
distribution among the band heads of the system. 

The intensities of the band heads have been estimated on a 0 to 8 scale. 
They lie on a well-defined and wide Franck-Condon parabola (Fig. 2). 
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It may be noted here that the hand head, (9, 0), recorded by Morgan on tlie 
shorter wave-length side of this system has not been observed although there are 
a number of fairly intense bands, due presumably to BiO, present in the region 
A4000-A4300. 


Table I 

Band head data of the less refrangible system 


V, v” 

A 

»'vac. 

0 -C 

Morgan's wave- 

(I.A.) 


(cm - 1 ) 

number data 


4308.00(1) 1 

23206.1 

“ 2.5 

... 


16.70(1) 

159-1 

“0 1 

33158.3(1) 


22.11^0 

139-1 

-0.4 

125.1(0) 

JO,2 

jj.iyto) 

076.5 

2 2 

071 . 3 'J) 

8,1 


034 0 

0.7 

031,0(2) 

8,1 

^5.06(0) 

008.2 

-0.3 

005.7(0) 

6,0 

51 - 79 ^ 2 ) 

22972.6 

“1.6 

_a297i 1(3) 

41 

6,0 

56.64(1) 

9470 

- 2.0 

946.0(1) 


64,80(1) 

904.1 

O.T 

906.0(1) . 

n 

9* 

69.08^0) 

, 881.7 

- 1*5 

883.1(0) 

7.1 

74 - 44 < 2 ) 

853.7 

0.7 

849.6(3) 

H 

7.1 

78.25(1) ' 

833.8 

2-3 

838.1(1) 


87.85(3) 

783.9 

0.0 

783.4(4) 
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Tabib I (conid.) 


v% v'* 

A 

il.A.) 

(ctii.-i) 

O-C 
(ciri. - 1 ^ 

Morgan's wave- 
number data 

41 

1 




5,0 

1 4393.30(1) 

22760 7 

-1.8 

22760.1(1) 

B.i 

99 08 (i) 

725-8 

-2 9 

727.0(1) 

8.2 

44 o 2 .,s 6 (o) 

7 ^ 7*7 

-3 3 

706 6(o) 

6.1 

10.38(2) 

6674 

-0.3 

665.2(2) 

A 

6,1 

13.79(1) 

649.9 

0.2 

647 i(i) 

^,3 

23.50(0) 

600.2 

-I 2 


4,0 

25.89(4) 

588.0 

-0.6 

588 4(8) 

4,0 

29.20(2) 

571.1 

-o.i 

571-5(3) 

7,2 

33 46^1) 

549-4 

I.O 


5,1 

47.71(1) 

477.2 

— C 2 

476-012) 

8.3 

57-7o(oj 

426.8 

0.7 


3.0 

65. 26*4) 

388.9 

0.6 

388.1(10) 

3,0 

68.12(2) 

374-5 

— 0.6 

374 5 ( 4 ) 

6,2 

70.38(1) 

363-2 

0.1 

... 

4,1 

86.90(0) 

280.9 

-1.2 

... 

7,3 

94.14(0; 

245*0 

-0.8 

... 

2,0 

4.506.72(5) 

182.9 

—0.1 

182.8(7) 

# 

2,0 



or 



08 44(2) 

17 ( 1.4 


176.7(a) 

5*2 



1.6 


3,1 

27*35(1) 

081.8 

0 0 

081.7(1) 

3 ,) 

28.77(01 

074.9 

-0.9 

071.4(0) 

6,3 

3172(1) 

060.5 

0.0 


1,0 

4992^4) 

21972 3 

-0.4 

21972.3(5) 

2.1 

69.91 (61 

876,2 

• 0.3 

876.4(10) 

3,2 

90.68(0) 

877 2 

0.0 


C3,0 

95.06U) 

7564 

— I.O 

756.2(1) 

% 

1,1 

4613 43(3‘ 

669.8 

04 

670.4*3) 

1,1 

14.38(8) 

665,3 

-0.9 

666.0(10) 

•* 

2,2 

33^20(1) 

577*3 

— 0.1 

576-2^0) 
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Table I (conid-) 



K 

^'vac. 

o^c 


a.A.i 

(cm.-i) 

(cm. 1) 

1 

46.^4 30(21 

1 

21572.2 

0.3 


55.25'!) 

475 1 

0,4 

* 

0,1 

58.64 <'1 ) 

450 5 

5 

0,1 

60.35(31 

451.6 

0.7 

* 

1,2 

77.83121 

371-6 

-i’-3 

1,2 

80 07(4 1 

361 2 

'"0.4 

«- 

^i3 

97.95(<.) 

279.g 

- i.g 

2,3 

1 

4700.40(1) j 

:»6S,c) 

-0.4 

0,2' 

24 .4o( 1 ) 

i6o.8 

-0 7 

0,2 

:^7.62(4) 

146 1 

0 T 

1*3 

1.) 58'!) 


*”■ 1 .0 

J.3 

47 51'ai 

057 8 

- t ,6 

* 

2,4 

(52.67(1 ) 

990.8 

2-9 

2,4 

67.80v2; 

968.2 

-0 4 

♦ 

3,5 

47«3-69 (o) 

898-S 

1.8 

3i5 

88.50(1) 

«77-5 

2.4 

* 

0,3 

1)1.22(2) 

865.7 

— 0.1 

0,3 

96.34(5) 

843-4 

0.0 

4,6 

4810.81(0) 

780.7 

2.2 

4,4 

16.30(1) 

757-0 

-1-3 

« ' 

2,5 

3‘’.S7(i) 

695-7 

“0-2 

2,5 

36.6212) 

669 8 

O.u 

* 

3,0 

51.62(0) 

606.0 

“O.7 

3,6 

58-25'!) 

577-8 

-0.4 

04 

S9-.58(3) 

572.2 

0.2 

0.4 

6^1.4216) 

543-:^ 

0.2 


73.26(0) 



4,7 

514-4 

0.1 

41 

1,5 

79.00(1) 

490 3 

0.0 

4,7 

80.63(1). 

483 -s . 

0.0 


M organ’s wave- 
number data 

21572.1(0) 

475 4(4 > 

459 5(2) 
450.8(5) 
372-J(3) 
3<>i.5f7) 

162.2(3) 
M6.7(8) 
074-6(1) 
05^-3' 3) 

2o96y.S I j * 

866.0(3) 

843-9'9) 


669.6(1) 

578.3(0) 
572.2(3) 
543. i' 7 ) 
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Tablu I (conid.) 


41 


V', v^' 

A 

*'vac. 

O^C 

Morgan’s wave- 


lI-AJ 

(cm. h 

(cm. J) 

number data 


-1886.35 (3 > 

20459-5 

0.0 


5,8 

y 6 .() 2 (o) 

119.1 

O.o 

« p « 

2,6 

99-53 (") 

40.1.4 

-1.4 

... 

5 ,^ 


.185.9 

0.1 

... 

2,6 

07.20 2) 

372 5 

-0.4 

... 

.Ti 7 

20 /i6fo) 

• 3176 

'0.7 


3.7 

28 7.,(i) 

^83. 5 

0.3 

-’0284.3(0) 


-9 7 ''( 3 ) 

271) 6 

■“0.4 

280.6(3) 

“•5 

38.^10(51 

243.8 

0.6 

244-5(6) 

1,6 

1 

200 1 

-o.j 


^1,8 

51.63(1 ) 

189.7 

“O.S 

190.0(1) 

1,6 

.S8 1813) 

163.1 

0-5 

163.5(2) 

5,9 

64.67(0) 

136.7 

rt _ '> 

... 

^7 

6Q.6a(o) 

116.7 

-0.7 

... 

5.9 

1974 -63 (i) 

096.4 

17 

095.0(1) 

2.7 

79.58(1) 

076.4 

-1.5 



9 o.g 5 (o) 

<-' 3^-7 ! 

1 

— I.l 




i 

1 .2 


X 

0,6 

5000,76(21 

19991.4 

1.6 

19991*1(1) 

0,6 

11.64(4) 

948 0 

1 

0-7 

948.2(4) 

1,7 

20.72(2 1 

1 

911.9 1 

0.0 

91I.2(.T) 

4,9 

23-85(0) 

899.5 

1 

o.I 

898.0(01 

1,7 

32.07(3) 

867.0 

— 0.6 

’ 868.3(3) 

2,8 

41-25:1) 

830.8 

—0.1 

... 

5,10 

47.68(0) 

805.6 I 

O.T 

: 805.011) 

2,8 

52.96(2) 

784-9 1 

0.0 

785.0(0) 




0.2 

■ 


74 * 29 ( 1 ) 

701.7 


702.2(1) 

3,9 



2.6 


4,10 

84.39(0) 

662.6 

2.2 

... 


6— 1423P— I 
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Table I ( conid .) 



A 1 

(T.A.) 1 

J'vac. 

(cmr^) 

O-C 
(cm '•) 

Morgan’s wave- 
number data 

Up? 

5087.12(3) 

19652.0 

- 0.3 

19653.5(21 

l,K 

93-64(2) 

626.9 

1-5 


4,10 

97.92(1) 

610.4 

0.2 

... 

1,8 

SU) . 38 (s) 

574 1 

-0.5 

575 - 0 ( 2 ) 

2,9 

i 4 - 53 (i) 

546.7 j 

0.4 

548.0(1) 

.Svii 

21 .82(0) 

518-9 1 

0.7 


2,y 

38 . 37 '' 3 ) 

494.0 

0.2 

494.0(2) 

3.'0 

36.00(01 

465.0 

0.7 


3 pJu 

50 58(2) 

40 ().g 

0.0 

410.0(2) 

0,8 

O.-l 23(1) 

358.0 

-0.7 

360.0(1) 

1,9 

69.40(11 

339.2 

- 1-5 

... 

4,11 

73 7 «(i) 

322.9 

0.0 

322.0(0) 

1,9 

S 4 J 5 ( 2 l I 

284.2 

0.7 

284.0(2) 

-%10 1 

5189.39(1) j 

264.0 

0 5 

262.0*1) * 

, 1 0 

5205.721.1) 

1 204 3 1 

1 

-‘0.3 

1 

204 0(2) 

* 

3.11 

ii. 77 'il 

1 182.0 

j -1.4 


3.11 

I 27-80(3' 

j 

0.6 

124.0(0) 

4,12 

I 

51-32(2) 

03" 5 

j 0.0 

037-01) 

i,iu 

65.36(1) 

18994.0 

1 

18994.0(1) 

* 

2,11 

60,56.11 

982 4 

-0.2 


.S .13 

75-96(1) 

948.6 

— 0.8 

947-0(1) 

2,11 

84.85(2) 

1 gi6.8 

- 0.5 

917.0(1 ) 

3,12 

88.3311) 

904-3 

0,0 

... 

6,14 

5301.40(0) 

857-7 

-™o.i 


3,12 

07.20(3) 

8371 

— 0.1 

837.0(1) 

4.13 

11.40(1) 

822.2 

-0.8 


4.13 

30.69(3) 

754-1 

0.0 

754 -o(o( 

* 

2.T2 

45-14(0) 

703-4 

0.0 

... 

514 

55-23(2) 

668 2 

0.4 
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Tabi,b I (contd.) 


v\ v" 

A 

(LA.) 

f'vac. 

0 -C 

(crn."*) 

Morgan’s wave- 
number data 

«,T2 

.5365-')J(i) 

18632.7 

o.S 

»•« 


81.22(1) 

578,0 




S 8 . 34 ' 2 ) 

.S 53 4 

-0.4 

18552.0(0) 

4.^4 

54 j I .<So(2l 

473 0 

0.4 

s.. 

5,15 

.■56.70(3) 

3SH..( 

O.I 


3^14 

47 .() 2((4 


“ 1 .0 ] 

... 

6, It) 

63.00(2' 

. 299.9 

— 1.0 



71,20(1) 

272.5 

0.2 


7.^7 

(jo.2o(j) 

209,2 

- 1.2 


4 i ^5 

94.90(2) 

J 93-7 

n 7 



5520.10(2) 

110,6 

0.0 

... 

C),iy 

46.3^^12) 

o'::! 4. 8 

“O.3 


7,18 


17934-9 

- 1.7 

1 

4,16 

5580.06(1) 

916.0 

-0.7 

... 


5605.47(2) 

834.8 

O.O 


0.18 

32 -,S 5 (^) 

749.0 

-2.3 

... 

7 .J 9 

60.52(1) 

661.3 

-. 3 . 1 

... 


THE Til OR K REFRANGIBLE BAND SYSTEM 

The bands of this system liave been for the first time investigated in detail 
by Morgan* in absorption. He has measured and analysed about one hundred 
band heads in the region /V36oo-A4o()o. Previously Eder and Valenla^ had 
recorded only, the approximate measurements of a grouj) of five line-like heads 
in the neighbourhood of A3900 in the flame spectrum of a bismuth compound. 
This group represents the sequence, Av=o. Morgan has also identified the 
isotopic heads due to BiCl“‘’ and BiCl”, thereby confirming the identity of their 
emitter beyond any doubt. 

In the present investigation, a few new bands due to the less abundant 
molecule BiCl*’ have been measured at the longer wave-length side of thi.s band 
system. On the other hand, the band heads, which Morgan recorded on the 
shorter wave-length side of A3654, could not be detected on the plates taken by 
the present author. 
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When the bands are arranged in a Deslandres scheme, it is found that while 
the interval between the successive vibrational levels in the lower state decreases 
practically at a constant rate, that in the upper stale does not. This shows that 
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IMO. 3 


a thiid power term in (o' 4 - i) is necessary lo represent the vibrational levcl^ 
in the upper slate . Hence the ecpialions of Morgan have been modified to 
repiesent llie observed data of band lieads for this system. These equations 
are as follows : 


HiCl^'* ; y — 254()2-7 + {403.50(0' + A) — 3.76S(xj'+ A)^ o. 0016(1;' -f -J)'* } 

”{3^^7-66(o" + -i) ■” 0.954(7/' + 2} 


DiCl 




i'-25.|g2.7-» {394,02(1/ H- 0.0015(7)' + 


— {300.45(7)"'! 2) ~ o.9io'7)" + A)^}. 


The band head data for the complete system are given in Table II and arc 
arranged in a way .similar to tliat in Table I for the less refrangible system. It 
will be seen that the ()-C values aie iii most cases within the limits of experi- 
mental error- 


1 he intensities of the band heads for this syslciii have been estimated on a 
o lo 10 scale. As in the case of the less refrangible system, there is a divergence 
of the intensity data of Lloraan from those given here The intensity distribution 
is similar to that ol.laincd by M.ugan iov the more refrangible band system of 
Bilh and lies on a well-defined narrow Condon parabola. 
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Table II 

Band head data of the more refrangible system 


•, V" 

A 

(T.A.) 

»'VQC. 

(rni.~* 

0-C 
icni.” * 

Morgan's wave- 
number data 

10, 6 

i 

365^.38 (0) 

27357-4 

1. 1 

27358-0 (1) 

Q. S 

58-56 (1' 

3 -J 5‘4 

1.4 

.525.4 (2^ 

M 

9 ^ b 

f’ 3 -S 3 (0) 

2S8.3 

0.(^ 

288 3 (0) 

8, 4 

63 83 (1) 

2S6.T 

0.1 

285.7 (i) 

M- 

8, 4 

(>8.89 (0) 

24S 5 

“1 4 

248.3 (0) 

7 . 3 

69.63 (i) 

243-" 

0.5 

240.8 U) 

7 » 3 

74 -65 (0) 

205.8 

-0.3 

203.8 (0) 

6, 2 

76.43 (f) 

192,6 

-0.9 

191.6 (li 

# 

6, 2 

i Si. 41 (0^ 

1 . 55-8 

-1.3 

154-1 (0) 

5 i 1 

83.85 (o^ 

137.8 

~I.O 

137-3 (1) 

# 

S> 1 

88.72 (00) 

102.0 

-0.8 

100.7 loo) 

4, o 

i 02 03 (0) 

077.7 

— i.t) 

077.7 (00) 

10, 7 1 

1 94.18 (l) 

, 06 1 .9 

— 0.1 

063.2 (1) 

* 

lo, 7 

1 qS.oo (ii) 

034.0 

— O.J 

034.0 (0) 

9. 6 

1 

j 98.82 (1) 

028.0 

0.3 

' 028.7 (2) 

* 

9, 6 

3702.S6 (0) 

26998.3 

-0.4 

26998.5 (1) 

S ,5 

04.43 ( 3 ) 

987.4 

” 0.5 

987-2 (a) 

[ 

* 

8. 5 

(18.28 (l) 

959-0 

0.4 

! 956.7 (1) 

7, A 

1 10.58 (3) 

942.3 

— 0.2 

1 940.6 (2) 

7, A 

1 14 93 (j) 

910.8 

— 2.2 

910.3 (l) 

6,3 

I 17.62 (4) 

891.3 

— 0.2 

1 889.2 ( 3 ) 

* 

3 

21.95 (0 

S60.0 

— 2.2 

1 859.2 (1) 

5* 2 

25-43 (3) 

834-9 

— 0.1 

1 833. T (3) 

5 , 2 

39-58 (i) 

805.1 

; -0.9 

i 803.6 (l) 

4. I 

; 33-98 (3I 

773-5 

0.6 

; 772-1 (2) 

10, 8 

34.46 (0) 

770.0 

0.4 

j 770.5 (1) 

lo. 8 

37 58 (0) 

747-7 

“0.6 

j 747.5 (0) 

* 

4 . 1 

37.99 (0) 

744.8 

0-2 

i 743-3 (i> 
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Table II {contd.) 


v\ V** 

A j 

(LA.) 1 

1 

1 

(cni,“ *) 

0-C 

(an."*) 

Morgan's wave- 
number data 

9 . 7 

3739.54 ( 2 i 

26733-7 

0.3 

26733.8 (2) 

« 

7 

42 77 

710.6 

-0.8 

710.4 (i) 

3 i 

43 57 

7 ''> 4.0 

-0.4 

, 705-9 l2) 


45 4 ^’J 1 

691.2 

-0.4 

690.7 (3) 

* 

47-35 

67S.0 

0.2 

678.0 (0) 

H. 6 

48.7:1 (1) 

668.2 

-0.4 

666.8 fi) 

7 - b 

52. Kl (3) 

644.2 

— f’.2 

642.3 {3) 

# 

7 - 5 

55 54 <i> 

619.R 

-T .9 

618-4 (0 

6.4 

59.61 

59 T,o 

-0.5 

588.7 (31 

6, 4 

62.97 ^1) 

1 

567.2 

-1.9 

565.6 (I) 

5 » 3 

67.85 (4) 

532 --'^ 

— 0.2 

5.30.9 (4) 

* 

.S* 3 

71,14 f2) 

5 " 9-7 

- 1.4 

508.3 (2) 

4. 2 

7696 (4) 

468.8 

-0.3 

467-9 < 4 ) 

4. 2 

80.10 (2) 

446.fi: 

— 1,0 

446.2 (t) # 

g,8 

81.00 (oo^ 

440-5 

“ 0.5 

44T.5 (on) 

1 

3 . I 

86.85 (4) 

399-7 

0.2 

399.7 (3) 

«. 7 

8 7. 28 (0) 

396.7 

-0.6 

396.6 (o) 

« 

3 , I 

89.84 (2) 

37 fi.O 

-“ 0-3 1 

S79‘0 < 3 ) 

7 . 

94 38 (1) 

347-3 

— 0.8 

345-7 (21 

7»6 

96,80 (o) 

330.5 

-1.8 

32S.9 (i) 

2, 0 

07-54 ( 4 > 

325.4 

1.1 

325-7 (4) 

2, () 

3800.34 (1) 

306.0 

0,7 

306.3 (2) 

5 

02.42 (2) 

291.6 

-1.8 

290.5 (3) 

6, 5 

04.74 

275.6 

— 2.2 

” 274.2 ^i) 

5.4 

II.OQ 14) 

232.fi 

— 1.2 

230.7 (3i 

« 

5 » 4 

13-45 

215.6 

“ 3.4 

315.0 (2) 

4 . 3 

20.56 (4) 

166.8 

“O.3 

166.0 (4) 

« 

4 » 3 

22.78 (3) 

152,6 

-0.3 

151.2 (2) 

8,8 

29.78 (o) 

103.8 

— I. I 

103.8 fi| 

3. 2 

30.92 (5) 

096.0 

0.3 

096.0 (5) 
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Tabi<b II (conid.) 



A 

(I. A.) 

frue , 

(cm.-*) 

0 - C 

Morgan’s wave- 
number data 

e 

3,2 

3832.95 (3) 

26082.2 

—0.2 

26082.2 (2) 

7s 7 

37-05 fi) 

054.3 

0.5 

051-5 (3) 

7> 7 

38.85 (u) 

042.1 

“ 2-7 

041.1 (i) 

2, I 

42.10 (5) 

020.0 

i .5 

1 020.0 (5) 

2, 1 

44 -w (3) 

007.2 

0.5 

007,6 (2) 

6, 6 

45-53 <21 

25996.9 

“0.2 

2 . 5993.8 (1) 

6, 6 

/47.08 (0) 

g86./j 

-2.0 

98/1.1 (0) 

1, o 

34-41 (6) 

937 -u 

1.3 

937-0 (6) 

5 » 5 

54.90 (3) 

933-7 

- 1.2 

932.4 (2) 

1; O 

56.01 I3) 

926 2 

0.5 

1 

926.2 (3) 

4 > ^ 

65. (to (5I 

865.9 

— 1.2 

865.8 (6) 

4 » 4 

66.03 I/]) 

859.0 

— 0.8 

858.0 (3) 

8.9 

72.89 lo) 

8 * 3 .- 

— 1.1 

812.9 <o) 

y 

73-25 (21 

8jo.8 

- 1.2 

808.4 (0/ 

3 . 3 

75 77 «i) 

794*0 

0.3 

794-0 ( 7 ) 

3 . 3 

76,80 (51 

7 « 7.2 

-’0.3 

787.3 (41 

7 » « 

80 8(S (21 

yb(K2 

— 1.2 

759 1 (0) 

7. S 

81 31 lo; 

7 .S 7.2 

- i.S 

755-4 (0) 


87.53 (61 

716, «) 

x -3 

716.4 (8) 

2, 2 

88.38 (71 

710.4 

0.5 

710.9 (4) 

6, 7 

89-54 (2) 

702.7 

— o.i 

702.7 (1) 

7 

89.92 (1) 

700.2 

-0.7 

700.2 (I) 

5. 6 

99.36 (0) 

638.U 

-0.6 

636.6 (o) 

I, I 

39ix).27 (9) 

632.0 

1*9 

632.0 (2) 

ii 1 

00.96 (2) 

627.5 

0.4 

628.1 (4) 

4 , 5 

09.94 (4) 

568.6 

-0.4 

568.5 (I) 

O, 0 

14.26 (10) 

540.4 

-0.5 

539-9 (io( 

3 , 4 

21.38 (0) 

494.0 

0.3 

494-9 (0) 

2 , 3 

33-57 (0) 

415.0 

0.0 

417.3 (0) 

2 . 3 . 

34-02 (3) 

412.2 

-0.5 

415-7 (1) 
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Table II (contd.) 



K 

^'vac. 

o-c 

Morgan’s wave* 


(T.A.) j 

(c'lii.'M 

fem, ’) 

number data 

* 

5 * 7 

3443-75 '«) 

253 ^ 9-4 

-O./J 

— 

.S, 7 ‘ 

44.53 (2) 

344.4 

O.I 

35344.4 (0) 

I, .2 

47. oH (2) 

32S.0 

3.7 

328.6 (0) 

M- 

4 . 6 

.s^-.sS (0) 


0.9 

— 

4. 6 

55 44 ^4) 

273.2 

0.5 

273.8 (0) 

3 » 5 

66.57 (<-') 

203.6 

0-5 : 


3 > 5 

07.61 (4) . 

IQ 7.0 

1.4 

197.5 

2, 4 

70.26 (n) 

123 2 

1.3 ! 

I _ 

A 

80.S5 (1) 

113 2 

0.3 1 

ii 3‘5 

1. 3 

03.18 (i) 


0.2 

— 

^1 3 

04.96 (j) 

024.5 

0.2 

024 9 (0) 
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THE VELOCITY GRADIENT METHOD FOR THE 
MEASUREMENT OF VISCOUS PROPERTIES OF 
NON-NEWTONIAN LIQUIDS* 

ByJ. N MUKHERJEE 

AND 

N. C. SEN GUPTA 

* 

{Received for pithlicaiion, September /, ig^i) 

ABSTRACT A method lias been dtserifieii whieli admits of a direct measurement of 
velocities tit different depths in a flowing liquid. The liquid is contained in a rectangular 
cell of depth of the order of 1 mm. and the velocities measured with a microSTfjpe using an 
objective with a large working distance. Velocity distribution curves have been obtained 
with a sugar solution, two gelatin sol.*^ and a bentonite suspension. The advantages of the 
method are discu.SvSed, 

A large number of liquids, especially concentrated colloids, do not obey 
Newton’s linear relation between shearing stress and rate of shear. They are 
designated as non-Newtonian liquids. A systematic study of the viscous pro- 
perties of sucli liquids has both theoretical and practical iuiere.st. The earlier 
work of Hess,' Hulschek," Bingham, ' OstwakP and others has been considerably 
extended in recent years''’"'’" and several aceounts are available." Newton’s 
equation for viscous fluids is : 

dvI'dz-Vhi ... (i) 

where dvldz is the rateof shear .{velocity gradient) in cm./sec./cm., F the shearing 
stress in dynes/sq. cm. and the coefficient of viscosity in dynes.sec./sq. cm. 

Ostwald^ awssnmed that in colloids like gelatin sols a structure exists in the 
undisturbed sol which is progressively broken down as the rate of shear is 
increased so that the apparent fluidity (reciprocal of viscosity) of the system 
gradually rises. 

Ostwald’s relation is ; 

dvldz=}f”h' - ( 2 ) 

w'here n is a constant greater than unity and has been called the "coefficient of 
structure " and »j' is a constant whose dimensions arc different from that of »; 
the coefficient of viscosity. 

* Communicated by the Indian Physical Society, 

7— 1433?— I ■ ' 
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According to Bingham” a minimuin shearing stress is necessary to start 
flow in " plastic ” systems beyond which the rate of shear is proportional to the 
shearing stress. Bingham proposed for them an equation of the form ; 

dr/d 0 =(F -/)/»/• (3) 

He called, f, the yield value’ of the system. 

Many examples of both ‘ structure-viscous ’ and ‘ plastic ' systems have been 
found in the literature while some show intermediate behaviour.” 

In viscomelric measurements, especially by the capillary method, the rate of 
shear varies from layer to layer over wide limits. While this variation can be 
easily taken into account in Newtonian liquids where the coefficient »| is constant 
and has a definite significance, it is not easy to do so in the case of non-Newtonian 
liquids where the values given by different viscometers of such quantities as the 
yield value, apparent viscosity or mobility depend on the method and also on 
the dimensions of the apparatus where the same method is used. It is obviously 
desirable <0 measure the rate of shear (velocity gradient) at different layers in 
the viscometer. Pichot'" and Philippoff" have described methods which permit 
observations of the velocity gradient, but these methods do not give the velocity 
gradient in absolute units. Kroepelin'” uses a pitot tube for this purpose but 
his method is applicable for rather high rates of shear whereas mca-surements at 
low rates of shear are of esi)ecial interest, e.g., in distinguishing between equations 
(2) and (3). His method also involves the use of fairly wide tubes which may 
complicate the conditions of flow. A flat cell of the type used in the micros- 
copic measurement of cataphoretic velocities of colloids is a convenient form of 
apparatus which has been used liy us at low' rates of shear. 

The flat cell used had the following dimensions : length — 8.0 cm., breadth — 
1,0 cm., height — 0.0644 cm. 

For Newtonian liquids in a rectangular flat cell, 

dvidz — —nzji] (4) 

where ji is the pressure gradient (negative in this case) and z the dtetauce from 
the central plane. 

From equations (2) and (3) w'e have for non-Newtonian liquids respectively 

dvld^=-’w”z”lri' ( 5 ) 

and dvldz=-iT{z-z^)!ri (6) 

z, is the distance along the normal to the direction of flow measured from the 
central plane, up to w'hich the fluid flows as a solid plug,® — ttz,, gives a measure 
of, and is equal to, the lower yield value.® 
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Measurement of (Viscous Properties 

Measurements have been made on the following systems : 

(a) a saturated sugar solution (67%), 

(b) two gelatin sols, and 

(c) a hydrogen bentonite suspension, t 
Finely powdered pure sugar charcoal was suspended and the speeds of the parti- 
cles at different depths v\'ere measured. 



0 0.5 to 


Fig. 1 

(fl) As is to be expected, the sugar solution (Fig. i) gives a perfect ijaraboli< 
distribution of velocities which is characteristic of Newtonian liquids. The 
pressure gradient was, however, very small and in the present form of the 



Fig. 2 Fig. 3 

1 A very fine suspension of a bentonite, obtained by incau.s of a Sharpies .s«percentrifnge, 
w as eleetrndialjfsed to give the hydrogen bentonite . The methods of preparation and other 
e.\petinieiital details willfie described e1.seivhere, 
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apparatus could not be measured very accurately. The coefficient of viscosity 
obtained from the approximate pressure gradient is about a poise. The viscosity 
of the same solution measured by means of a rotary viscometer is 1.7 poise which 
agrees with the value given in International Critical Tables.” 

(b) The velocity distribution in concentrated gelatin sols gives curves of 
a higher degree than the parabola. The value of inequation (5) calculated 
from the curve.s in Fig. 2 is about 2.8. Curves given in Fig. 3 are however 
parabolic in nature, and the behaviour of gelatin sols depends on concentration 
nii(l otlier fnrlnrs. 



ic) The bentonite suspension (Fig. 4, curves i and ii) shows a parabolic 
distribution of velocities with a central fiat legicn whc^c depth diminishes with 
increase in the pressure gradient, Sp is evidently equal to half the depth of the 
flat region. The yield values calculated from the two curves are 27 and 30 
dyiies/sq.cm, respectively. The yield value of the same suspension obtained 
by means of a capillary viscometer is Sf> dynes/ sq.cm, which is more than three 
times the value obtained from Fig. 4 while a rotary viscometer gives values 
nearly equal to those obtained by the flat cell. 

It is evident that the method described here gives curves which are signi- 
ficantly characteristic o,[ the xariation of the velocity giadienl vvith shearing 
stress. These curves aic ciipable of yielding on mathematical analysis very 
useful information not obtainable by the usual viscometric methods. The appa- 
ratus is being modified for more accurate measurements at low^ rates of she^r 
and at constant temperature. 

J‘MVSiCAC Chkmjstkv Lauoh.atorv, 

UNlVIlRSlI'V OF SCIKNCK 

Pppivu CiRCUCAK Road, 

CAU-om. 
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METHODS OF MEASURING YIELD VALUE. VISCOSITY 
AND THIXOTROPY'' 

By J. N. MUKHERJEE, N. C. SEN GUPTA 

AND 

K. C. SEN 

(Ri'ccivcii fov pitblh'otion, ScpICtnbii' i, ^ 94 *^ 

ABSTRACT. The capillary and the rotary viscometer do not j-ivc the same Tinghatn 
yield value and viscosity for heiitonite snspciisions A direct me thod using a rectangular flat 
cell for tnrasuriug the velocity gradient along the normal during flow has been developed which 
is expected to give yield value and viscosity in absolute units. Values obtained by the velocity 
gradient method arc more in accord with those obtained by the rotarj' viscometer than those 
obtained by the capillary vi,scometer. Variations in both the Ion er yield value and the apparent 
viscosity of thixotropic suspensions with time have been observed. Compared with the 
apparent viscosity the lower yield value appears to give a better measure of the rate of thixp- 
Iropic gelation. 


Bentonite is a typical colloid system which shows roost of the known ano- 
malous viscous properties depending on the colloid content and on the Pa of the 
system.* Dilute suspensions of bentonite obey Newton’s equation for viscosity. 
Beyond a certain concentration, which depends on the nature of the suspension, 
yield value appears and the suspensions cease to behave as Newtonian liquids. 
Thixotropy appears at a somewhat higher concentration. The purpose of the 
present investigation has been to evolve a suitable method for the measurement of 
properties such as yield value, viscosity and thixotropy in absolute units. 

A large number of liquids especially concentrated colloids possess a variable 
viscosity* which changes in a complicated manner with the rate of'«hear or the 
shearing stress. The pioneering investigations on non-Newtonian liquids of 
Hess,’’ Hatschek,^ Bingham,"’ Ostwald® and others have recently been 
extended by a large number of workers.’ A new type of non -Newtonian be- 
haviour namely thixotropy was discovered by Miss Schalek and Szegvari® in 1923. 
In thixotropic systems the coefficient of viscosity besides being a function of the 
rate of shear is also a function of time. 

* Communiaitofl by the Indian Phjsit-al vSociety. b'igK, 5, 6 and 7 have been taken from 
tiie pievious papier by the same aulhori;;. 
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A expression for the flow of liquids possessing yield v&lue was 

first developed by Bingham* in the following form . 

(i) 

where dvjdz is the rate of shcaii h the shearing stressi / the yield value and /* the 
coefficient of mobility, its inverse being called the coefficient of true viscosity 
The relation is obeyed*' by bentonite suspensions excepting at very low rates of 
shear. 

The form of a complete consistency curve obtained with bentonite suspensions 
is shown in figure i . The intercepts ft, Jh: and /», on the shearing stress axis are 



respectively the lower yield value, the Bingham yield value and the maximum 
yield value. The lower yield value is the minimum .shearing stress at which the 
flow of a suspension begins in a viscometer. The Bingham yield value, /», equals 
the intercept on the shearing stress axis made by the straight portion of the 
consistency curve on extrapolation. The maximum yield value is the shearing 
stress above which the consistency curve becomes straight. At very low rates of 
shear the curve is convex towards the axis lepresenting shearing stress and this 
form has been ascribed to plug flow'.^*’ 

Ostw’ald* assumed that in the case of colloids like gelatin a structure exists 
in the undisturbed sol which is progressively broken down as the rate of shear is 
increased, so that the fluidity of the system gradually increases, i.e., the viscosity 
decreases. 

According to Ostwald,® 

dvldz=F”hf 

where « is a constant greater than unity and has been called the ‘ coefficient of 
Structure ’ and if is a constant whose dintensiops are different from those of y. 
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Systems possessing a yield value have been called ‘ plastic ’ and those which 
obey Ostwald’s relation 'structure-viscous.' Many examples of both structure- 
viscous and plastic systems will be found in the literature while some systems 
show more complex behaviour. 

In the usual viscometric measurements, especially by the capillary method, 
the rate of shear varies over a wide limit from zero at the axis to a niaxiiiiura at 
the walls and the quantities observed represent a summation of these variations. 
This makes it often difiBcult to interpret the results since, in the case of non- 
Newtonian liquids the ratio, shearing stress/rate of shear, i» not a constant quantity 
and it appears that this difficulty has been the source of some controversies. * * In 
view of this it is desirable that viscous properties in such systems should be esti- 
mated by direct measurements of the velocity gradient. 

Complete consistency curves cannot be obtained with thixotropic systems, 
especially quick-gelling ones. It is, however, possible to measure the vari- 
ations in apparent viscosity* or lower yield value with time during thixotropic 
gelation. In order that the results of apparent viscosity measurements can be 
iiiterpieted it is desirable that the measurements should l)e made at constant rates 
of shear. variation of the lower yield value which gives some measure of the 
‘gel strength ’ seems to give a better estimate of the rate of thixotropic gelation. 


It X r Tt R 1 M R N T A L * 

Methods of preparing samples have been described elsewhere.’ Fine sub- 
tractions pf bentonites have been obtained by means of a Sharpie’s supercentrifuge. 
Hydrogen bentonites have been prepared by eleclrodiaiysis. 

Consistency curves have been obtained with a capillary viscometer of the 
Ubbelohde type and a rotary viscometer of the Conette type which was made in 




* Apparent vtscosrtv is U.e ratio of any sl.eaiing stress and the corresponding rate of shear. 
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our workshop and has been descrilwd elsewhere.*^ The end correction of the 
viscoinetef has been estimated by the ihethod of Searle.*'* Results are given in 
figures 3, 3 and 4. The viscosity of 40% sugar solution, corrected for end eflect, 



Fig. 4 

is given in Table I. The corrected value agrees within 3 p.c, with the standard 
data. No thermostat was used and a better agreement could not be expected. 

Table I 


! 

Length of the inner cylinder 

j 

^0% sugar soution (centipoise) 

dipping into the solution 

j obs. 

1 

corr. 

3.85 cnis. 

5-14 

4*55 

5.0 M 


4 55 

7 -:i 5 M 

: 

4-54 

91 


4*75 


Mean 4 60 
From standard 

data 4 56* 


* Barr, A Monograph on Viscoinetry, i93i, p, 30.S 

The capillary viscometer has also been calibrated with the 40% sugar solution, 
lyow'er yield values of thixotiopic suspensions were measured by means of 
cylinders of different t'adij and also by a Stormer viscometer, 

The procedure used in measuring the velocity gradient during flow bas been 
described ei^wbere.* ° A flat cell is u^ for the purpose. 

8 — 14231-^ — I 
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Velocity gradients have been lueasured recently by KrocpcHn,^^' Fichot^'^ 
and Philippoff * ^ for the purpose of studying viscous proi^eilies of non-Nevvionian 
liquids. The methods used by Pichot and Philippoff do not give yield values or 
consistencies in al)solute units. P\nther^ as Richardson has pointed out, from 
the two photographs iiublished by Pichot it is difficult to distinguish between the 
two types of flow found in water and gelatin. The xnethod of Kroepelin requires 
that the velocities should be measured at high rales of shear, at which non- 
Newtonian behaviour in the majority of cases is known to disappear. 

In tlic present investigation velocities at Oiflerenl depths have been measured 
in absolute units by means of a microscope. Finely ground pure sugar charcoal 
has been suspended in the systems and the speeds of these particles have been 
measured by means of a microscope. The following systems have been used for 
the preliminary measurements : h/) a saturated sugar solution, ib) a gelatin sol 
and (c) 'ci 2.34% liydiogeii licntonite suspension consisting of very line paiticles 
(diameter of particles (1.05 — 0. 025/A). 


UPSUI/rs A NM) DT 8 C U vS S T O N vS 

(rt) Velocity gradient method 

Results of velocity gradient measurements are given in figures 5, 6 and 7. 



5 Fro. 6 

Figure 5 is a typical parabola. This is expected of Newtonian liquids. 
The pressure gradient was very small and consequently could not be measured 
very accurately with the ju'esent tufangemeiit. The coefficient of viscosity 
obtained from the approximate pressure gradient is about 2 poise. The viscosity 
of the sanie solution measured by the rotary viscometer is 1.7 poise. 

Figure 6 gives curves which are of a higher degree than the parabola. The 
system appears to follow Ostwald’s relalion (equation 2) and the value of ^ N 
calculated from the two curves is apt^i'^J^hnately a.B, 
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The bentonite suspensions give a parabolic curve of distribution of velocities 
with depth excepting the central portion which is straight and whose ItMigtlv 



Fig. 7 

diniiuislies at higher rates of shear. The llat portion gives a measure of tlie yield 
value of the suspension. The two curves show that tlie yield values are 27 and 30 
dynes/sq.cui, respectively. The yield value of the same suspension obtained 
by the capillary viscometer is about 88 dynes/sq.cm, or about three times the 
value obtained by the velocity gradient method. 

Further measurements by the velocity gradient method are under way. 

(h) Comparaih’c study of the rotary viscoinelcr and the capillary viscometer 

Consistency curves of suspen.sions of natural bentonites No. Dr/ at concentra- 
tions of 5.0, 4.5, 40, 3.5 audj3.o g'uis. per too c.c. liave been obtained by the 
rotary and the capillary viscometers (figures 8 and q). The curves obtained 
by both methods are similar in fonn. At the lowest concentration studied the 
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curves are stiaight and on exlraj eolation pass almost through the origin. At 
higher concentrations the curves have a slrape similar to that given in figure r , 



The yield value and true viscosity obtained by the two methods (Table II) are 
different. 


Table II 
Pr/ (Natural) 


Concentration grns. 

PCT 100 C-C. 

1 

Yield value (dynes 'sq cm ) 

T7 (centipoisel 

Rotary 

Capillarv 1 

i ■ 1 

Rotary 1 

Capillary 

5.0 


5S 

1 j 

1 


4 S 


^ ' ! 

VI 

(1 (1 

v^l.D 


16 1 

10,0 

4.6 


1 ,0 


70 

_ 3 3 

3-0 

1 0 2 

T 

5 I 

2.6 


The viscosities obtained by the capillary method are less than half the values 
obtained by the rotary method. This may be due to the wall effect in the 
capillary* Schofield and Scott-Blaii®” found that the mobility of clay suspen- 
sions diminishes with increase in the radius of the capillary. They estimated, 
the true mobility from the consistency curves obtained by using capillaries of 
different radii. The mobility ft was plotted against i/r where r is the radius of 
the capillary and the true mobility was noted from the graph by extrapolation 
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to In one case was found lo be about jo rhe for »=‘"o,()5 enu and /^o 

v\ as about half being about lo rhe. In other words the extrai)olated value of 
the viscosity was approximately double that for » = 01)5 cm. This observation 
possibly explains the discrepancy between the true viscosities observed by us when 
measured by the two methods discussed here. 

The yield value obtained by the capillary viscometer is about four to live 
limes as great as that obtained by the rotary visc iunctev. The reason for this 
dis('rcpancy is not very clear. The velocity gradient method gi\es values in bettci 
agreement with the rotary viscometer and the latter appears to be preferable for 
ordinary measurements. 

The yield value and the true viscosity obtained by the two methods have 
been plotted against concentration in figure to. In spile of the differences in 
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niaenitudes, the relative variations of viscosity and yield value «iven by the two 
methods are more or less the same and both methods seem to l)e equally applicable 
for relative ineasureineuts. This is important in practice, especially in respect 
of drilling mud control. 

(c) Variation of lower yield value of thixotropic suspensions with time 

The wall stress Fw iu a cylinder is given by the relation Fw =g.p.rl 2. ... (3) 

where p is the specific gravity of the suspension, g the acceleration due to gravity 
and r the radius of the cylinder in cms. It Is difficult to nieasure p for quick* 
gelling systems- Approximate figures are, however, sufficient for present purposes. 
If ii is the time in seconds required for a suspension to solidify in a cylinder 

of radius then the lower yield value at time is g.p.Ti /a. 

Results are given in figures II, 12 and 13 and in table III, 
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Fig. 13 


too® 
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TAm.K III 


H-B+NaOH Conceutration-6.o% Temperature 23-24^0 


Radius of the cylinder (cm.) 

1 

Time of solidification ^«iecollC^s) 

Yield value (dynes/sq.cni.) 

0.48 

i 

10 ! 

1 

2U 

1 

c'-s6 ; 

^5 

[ aJ'a 

068 

8n 1 

34 .^ 

0.77 

90 

389 

0 94 

i J20 

A7^ 

T i 1 

n.)5 

560 

I. S3 

1 200 

040 


The lower yield value of the fine subfractions of natural bentonites (Figs. 11 and 
12) increases almost linearly with time during the period of measurement. Figure 
1.^ shows that hydrogen bentonite possesses a high initial /? which increases 
only slowly with time In the case of bentonite treated with excess of caustic 
soda ipu IT. 8), however, initial // is very small but increases rapidly with time 
towards a constant limiting value. At pn 5.6 an intermediate behaviour is 
observed. The suspension possesses a high / / in the thoroughly stirred condition 
which also increases mpidly with the period of rest to a constant limiting value. 
The rate of thixotropic gelation is thus strongly influenced by the pu, a fact 
which does not seem to have been observed by previous workers. 

TAm.K IV 


H-B + NaOH pn-i 1 .8 Temperature 23*2^ '"C 


Concentration 6 3% Concentration 5.3% 


'I'itne of so1idrfit:ntion 
(seconds) 

Relative yield value ] 
(gms.i 1 

Time of soldification 
(.seconds j 

Relative yield value 
(gras.) * 

00 

3^-4 

j J40 

■ 

23.1 

3 go 

37-2 

M 4 '' 

; '2f:K2 

300 


1920 

i ac ),3 

660 

63*3 

a '20 

j 326 

T 56 o 

7 .v 2 

5400 

i 35^1 '' 

0 /graph) 

1 2 

o(g'aph)j io 
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Variation in fi with time observed with the Stonner viscometer has been giv^U 
in table IV. The yield values arc not expressed in absolute but m arbitrary units. 
They are given in grams. Yield values at zero time have been observed from the 
weight/speed curve measured after shaking the sol thoroughly (Fig. 14). 





/ dv/dz* 4-».oc»Vsec/c 

/ - iV - — 

\k* 

'J rtv/d/ os i>f m/'iec/cm 


Ku;. lb 

,i.,.JvW,io .he Lgo . 1 ex,«h„«.... error for ...ixtore, of rlrfleren. concentre, 
tions of H-M and Na( )H having 1 1 S. 

((j) rividlion of Ihc apparent viscosity i). with i'Vic 

Variations in »j. of a thixotropic sodium bentonite suspension with tune 
have been measured using the rotary viscometer. The rates of shear were 
maintained constant in each measurement. The sol was thoroughly stirred prjoi 

to each measurement. Results are given in figure 16. 
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V* increases with time and finally attains a constant limiting value. This 
limiting value of »/, depends on the rale of shear. The higher (he rate of shear 
the lower the limiting value of tj, and the more quickly is it reached. 


R K I'* H K H N C K S 


* JMiikherjtfe, Sen Guptu and Indra, paper to be commimicatcd shortly, 

^ 2 Barr, “A Monograph of Viscoiiietry.'’ Oxford University Press, 1931. 

* 1-less, see for referejice Kolloid-y.,, £ 7 , 154 (1920), 

^ Hatschek, The Viscosity of liquids,*’ Bell and Sons iiqaS). 

^ Bingham, ' Fluidity and Plasticitv.’' MacGraw-llill Lo, (192^). 

Ostwald, KoUoid^Z., S6, 99, J57, 248 (1925); and a series of papers afterwards; see also 
de Waale, ]. Amc)\ Clieui, Soc. 

^ 'iiwkinglmmj, Avicr. Soc. Test. l\]ais„ 21 -ii.l, 11 [1921). Scott Blair and Crowther, 
J. Chcfiu, 33 , 321 (1929); Schofield and Scoll Blair, J. Phys. CUcni., S 4 , 248, 1305 (1930) ; 

36 . 1212 (1931); 30 , 973 (1933); Schofield, PliysUs^ 4 , 122 \ licimr, KolU id-Z .,^ 9 , Bo 

(1926); Reiner and Riwilin, Kclloid-Z., 43 , i 11927); Reiner and Reiner, KolIoid~Z., 56 , 44 
(1033' ; Reiner, PJiysia;, 6, 321, 342 (1934). 

^ Mi.ss vSchalek and S/egvari, Kolloid-Z , 82 , 318(1923) ; Ibid., 83 , 326 (1923). 

® Iloiuvink, “ h'lasticity, Plaslitity and vSlnicturc of l^latlcr,” 3/15 11937). 

Ibid., 347 (1937)- 

’J Ostwald, KoUoid-Z , 47 , 176 (1929) ; Scott Blair, KoUoid-Z,, 47 , 76 (1929); Ostwald and 
Auerbach, Kollold-Z., 88, 273 (1926). The idieiiomcnon of structure viscosity has been termed 
Ihnc I'laslicity by FVeundlich. 

'■-* Pi vie Jonc.s, ] Oil and Colour Chem' Assol , 17 , 305 (1934) ; ibid., 10 , 295 (1936) . 

Mukherjee and Sen Gupta, jiapcr coniiiiunii oled to Indian Joiiuial o1 Physics. 

Scarlc, F}oc. Caiubtidgc Phil, S(u\, 16 , 600 1912'. 

Mukherjee and Sen Oupta. paper coniniunii aled to Indian Journal of Physics. 

Kroepelin, Z. physik. Client,, 149 , 291 (1930), 

Pichot, Physics, 5 , 200 (1934) . 

Philippoff, KoUoid’Z., 83 , 163 (1938). 

Richardson, Physics, 6 , 273 (1935'. 

Schofield and Scott Blair, /. Phys, Client., 84 , 248 (1930). 
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A SIMPLE ROTARY VISCOMETER FOR THE STUDY OF 
ANOMALOUS VISCOUS PROPERTIES’*" 

By J. N. MUKHERJEE 

AND 

N. C. SEN GUPTA 

(RccciviUi for publicflluni, September /, 79./;) 

ABSTRACT. A rotary viMOineter suitable ff)r the study of ‘ anomtilotis ' viscous 

properties is described. Tl aclruits of easy end correction and there is no .slip at the metal walls 
with sn.i^ar and ^rlycerine soluhVms Consistency curves of benlonilc suspension, gelatin sol and 
starch paste representing respectively i)lastic, structure viscous and dilatnnt systems have been 
(obtained. 

In investigations on anomalous viscous properties, the shearing stresses 
corresponding to different rates of shear have 

to be measured. Rotary viscometers have the ROTARY VISCOMETER 
advantage over capillary viscometers that the 
annular space can be made small ( onipared to 
the diameter of the cylinders and the velocity 
gradient can he made to vary over a compara- 
tively smaller range. Further it appears from 
direct measurements of the velocity gradient 
by us that the capillary viscometer does not 
give true estimates of the yield value whereas 
the rotary viscometer does. In the simple 
rotary viscometer^ described in this note the 
outer cylinder rotates and the torque on the 
inner cylinder is measured. 

The new viscometer has the following 
features (Fig. i) ; 

id) The speed of au outer cylinder, A, 
which can be varied from 10 to 1000 rotations 
per minute is measured by a revolution 
counter, C, 

(b) The inner cylinder, 1 , is suspended 
from a graduated torsion head, H fitted with 
a vernier. The position at rest of Jthe inner 
cylinder is indicated by a lamp and scale 
arrangement (not shown in the figure). The 
torsion head is rotated in the opposite direc- 
tion until the cylinder comes to its original 

^ ComunmicaltMl t)y tliv Indian Physical Society. 





j 4 Simple Flotary Viscometer ^ 

position of rest. The toniue is read directly on the torsion head and can Ik» 
measured irp to 360' whereas if the deflection of light on the graduated scaled 
alone were utilised only a small torque could be measured. 

(c) The torsion head, H, is fitted with a centering device and a plunil, hue 
and levelling screws ensure a vertical setting of the apparatus. 

(d) The inner cylinder is about 9 cm, long and the end effect is small. The 
correction for this with simple liquids is of the order of Guard rings'' have 
not been used as they niight cause complications for non-Newtonian liquids. 

(cl The radius of the outer cylinder is e.oi7cm. and those of the inner 
cylinders are 1 ,8S6, i .792, i .650 and i .495 cms. The w idth of the annular space 
i.s thus small compared to the radii of the cylinders. This consideration is of 
importance in liquids where the rate of shear does not change linearly with the 
shearing stress, 

(f) The apparatus has been made heaxy enough to minimise vibrations. 

The shearing stre.ss, F, and the rate of shear, dv/dc, are given by the follow- 
ing relations .• 


F = 


hi 

eirLRf 


0 ) 


dr>/ dc. 


ke-iif 



where 12 is the angular velocity ; R2 and Kj the radii of the outer and inner 
cylinders; T the length of the latter immersed in the liquid ; M = r6' where is 
the torque and V the moment of toisional couple, r is as usual detei mined by the 
method ol oscillation. 

I' lid effect is equivalent to a virtual hicreate in the length, L, of the inner 
cylindei and equation (i; can be written in the form 


2^{L'+7TRr (. 3 ) 

I has been determined by the method of Searle'* with a 40% sugar solution and a 
39 % glyceriue solution. Results are given in figures 2, 3 and 4 and in table I. 

The viscosity of a 56% glycerine solution obtained with the different inner 
cylinders was found to be 5.5, s 6, 5.7 and 5.6 centipoises re.spc*ct)vely. 

Liquids showing anomalous viscous properties are often classified in four 
groups, nam^y (i) plastic, (/i) structure viscous, (lii) dilatant and (iV) thixd- 
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tropic. Sottt0 systems show a behaviour which combines the features of iviore 
than one of the above typical classes. Plastic systeius arc- characterised by yiel^’ 



hjfz. 4 

value and straight consistency cuives at sufficiently liigli rales of shear, vStruciure 
viscous bodies have a constant viscosity at low rates of shear but at higher rates the 
ratio between the shearing stress and Ihe rale of shear gradually decreases. 
Dilatant suspensions have also a conslant viscosity at low rates of shear but in 
contrast to the structure viscous system the ratio between the shearing stress and 
the rale of shear gradually increases at higher rates of shear, In thia^otropiC 
systems shearing stress at a particular rate of shear changes with time, ConsiS'^ 
tency curves which show the relationship between the rate of shear and, shearing 
stress of the first three types of systems are represented respectively by 'A^tento- 
nite suspension, a gelatin sol'^ and a starch paste. These have been obtaaned by 
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•'A ^-Sitni^ie^ Hotary Viscomeler 

the rotary viscometer de^'ribed above and 2 fre shown in figs. 5, 6 arid 7. Ctims 
for thixotropic sy.stems obtained by this viscometLi wiil Ijc descriiied elsewhere. 

' Tabi,u I 

}uid cofteclion for Ibc Rotary \lscouu'li-i 
Ri = i.7yacin. : Rg = 2.(jj7 cm. ; / (from fig. 4) —0,5 cm. 


Length (if the ihner i yliuder 

/)o per cent, sugar solution 

V fcentipoi.se) 

per (‘ent. glycerine soluti-'ii 
r/ (centipoise) 

'J emp 

2g’C. 1 

Temp 

3iX. 

inunersed m the solution (eni.) 

ohs 

1 

1 

corr i 

1 

ob.b. 

I 

Corr. 


,S-M 

1 

- 1 . 5 .S I 

I 


5-6 

4.9(1 

A -^5 i 

i 


7-,1.S 

4-«5 


-2-69 


9.J 

4.9(1 

I mean .l6>) 

! fnjin stand- 
ard data 4.56 


mean 2.51 

2-55 ' 







Fig. 7 


The rotai'}’ visroniftcr described m this iiolc lias been [(.r.i d ctii\ci)ici t Icj 
rapid nieasurciiieiUs with iion-Newtoniau liquids. 

Physical Chkmistkv l.AnuKAumv, 
llMVtiKSnY OULLUK or SCTLNCK AND TKCHNOlO0\^ 
qz, Um'H ClUCULAK ROAD, C'ALCUm. 


RKPERJiNCKS 

‘ ' ' 

‘ Parr, Monogral>h of Viscomciry, 22^ 

See refercuce 3, p. ^*31. * 

^ Hatschek, The Viscosity of Liquids, 53 (1928) 

* vSearle, Proc, CamWidge Phil. Soc,, 16 ^ 600 (1912). 

6 Ini. Crit. Tables, 23 (1929) ; Sheely, ia(i. P^ng. Chem,, ^, 1063 ( 193 ^^’ ^ 
® Ilonwiak, Elasticity^ Plasticity and Structure 9/ Matter, i6 (1937^. ’■ 

7 Measurements by Mr, R. P. Pal. , 
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STUDY OF ELECTROLYTIC DISSOCIATION IN 
IODIC ACID BY RAMAN EFFECT * 

By N. RAJESWARA RAO. M.Sc. 

[Received jO] publicaiioiif September to, 

ABSTRACT The pre«enl work is an att<^mpt at vslinlying the electrolytic Hiasoti^tion in 
itidic acW by Raman on the same lines as is done in the raseof nitric acid and sulphuric 
acid hy the author, Tadic acid is found to contain polymeiised molecules of the type (HI 03)‘2 

in concentrated Solutions As the acid is diluted, the polvniers are found to di sociate into HIO3 
niok rules which aj^ain dissociate into IO3 ions at still loviCf concentrations. On Comparing 
ojN s^ilntions of KTO3 and TTTO^, it is fvjund that the intensity of line in KTO3 sghition is 
iiincli larger Uiap in HIO^ solution. Tt is coiiclnded that the acid is not completely dissociated 
('sell iji such a diliile stdiilion. 


INTRODITCTTON 

In a previous communication,' the autlior made a quantitative study of 
electrolytic dissociation in sulphuric acid. The present work is an attempt at a 
similar study in iodic acid. Iodic acid has been studied both in crystalline state 
and in solution by many workers including Krishnamurty,® Nayar and Sharma,? 
Nayar aiid Onirola,’* and Wopdward.*'’ The latest work is that of 'Venkateswaran" 
i\Iio made a study of the acid in numy of its aspects. The interpretation of the 
results by various authors are cojiflictihg. Woodward thinks that the ^cid is 
highly , dissociated even in concentrated solutions and in fact Krishnannirty^ and; 
Shen, Yab awl Wu’ diSiJussed the structure pf lOs ion.s by assuming that a 
solution of iodic acid of '5N toiicentration' is coinpletely dissociated. On the other 
hand, Venkateswarah ^ iwintains that the acid is very weak and uiidissociated 
molecules are found even in dilute soliitions. Vehkateswavan’s observations are 
based on . estimate of the structure.and posftions of the maxima of the wide . 
bands of the acid at various conceatrations. The author, Irdm a study of the 
microphotometi'ic records of the spectra, found d%rep0nci^» between the ^aman 
frequencies of the maxitiia of the bands reported by Venkateswaran and 
those bjb^rvcd by the author, Als^., the structures of .the bands dfc^rved , fcy 

Cpmmtnjic.atHhv Iqdian I.’hysical ^ciety. 
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Venkateswaran and those revealed by the inicropliotometric records were found 
to be different. 


H X 1 ’ R K 1 M R N T A L 


Pure crystals of Iodic acid supplied by Merck are taken and dissolved in 
double-distilled conductivity water and filtered through a emtered glass crucible 
avoiding the use of any filter paper, lest the filter paper should be acted upon by 
the acid thereby contaminating it. Aqueous solutions of concentrations i8N , 
isN, laN, 6N, 3N, iN, I.6N, o.8N, 0.4N are made. A solution of KIO3 us 
made by * dissolving pure crystals in pure water. This solution is treated 
with pure carbon while hot and filtered through a ciutered glass crucible usmg 
a quantitative filter paper. This method is found to be very effective m purifying 
the solution from fluorescent and colloidal impurities. 

The arrangement used to photograph the Raman spectra is the same as in 
the case of sulphuric acid by the author, lu the case of very dilute solutions 
where very long exposures are needed to bring out the weak Raman lines with 
sufficient intensity the problem of the supeiposed continuous spectrum becomes 
very acute. Therefore, a double-jacketed Wood:s tube is employed, so that tvvo 

filtcrs-iodineincarbon-teUachlorideanda saturated solution of NaNO,-cou 1 d 

lie used to isolate the 4358 line of the mercury arc for exciting the Raman hues. 

The solution of NaNO a is replaced, every time the solution in the Wood s tube 
is replaced, so that the filter may not. owing to photochemical decomposition ai d 
development of colour, diminish the intensity of the exciting radiation. In the 
ease of concentrated solutions, ma- 18N. 15N, 12N, and 6N, equal exposures of 
6ne hour each are given. Solutions of concentrations 6N. 3N andiN and 1.6N, 
o 8N and 04N ate exposed for periods proportional to dilution in two sets of 


three concentrations each. 

An exposure of one hour was sufficient to bring out the Raman spectra of 
crystalline HlOs and KIO3. To study the solution of iodic acid at higher 
teinpcratnre, the Wood’s tube was scaled and enclosed in a steel tube with a 

slot cut on its side to allow the light from the mercury arc condensed by a large 

double condenser to fall on the Wood’s tube. A current of about 2 amperes was 
sent through the healing coil wound on the steel tube to heat the tube inside. 
Thus a temperature of iso'C. could be attained, 'fhe spectra at soX. and iSo'C. 
are compared. 

, R R St V h T R 


The Raman frequencies of the maxima, in the crystals and in solutions of 
iodic acid and KIO3, are given in the following table. Besides the frequences 
reported in this table many low frequencies are found in the spectra of the 
crystals. But they are very feeble and are found to be absent in. .solutions. 
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Tabi<e I 


HlOa-crysUl 

18N 

15N 1 

1' 1 

j laN 

6N 

1 

: 

xN 

osN 

j 

2 

1 

2 

1 

X 2 

I 

2 

I 2 j 

I 2 

1 2 

I a 

338 

33X 

334 

326 

— 324 

334 

334 

330 334 

328 324 

’ 

— 324 

328 — 

377 

376 

463 


— — 

463 

: 

_ _ 

_ _ 


— _ 

633 

636 

644 

640 

— 640 

644 

636 

644 636 

644 — 

— — 

644 — 

713 

728 

779 

772 

- 770 

796 

796 

796 796 

798, 803 
796 

— Sio 

802 — 

782 

788 

— 

— 

— 

— 

— 

789 — 



800 — 

— 

— 

«23 

— 


«a3 

— 

CO 

ru 

i 

823 — 

- 845 

819 — 


Table II 



In the above Tables the frequencies given under the column i are due to 
Venkateswaran and those under the column 2 are due to the author. 

From the above tables, it is clear that there are large differences in the 
frequencies of the maxima of the Raman lines between those reported by 
Venkateswaran and the author. This should be attributed to the errors in visual 
judgement in the location of the maxima in Venkateswaran 's pictures.^ The 
band at 636 is found in all the spectra, but in dilute solutions it is very. weak and 
diffuse and therefore its maximum could not be correctly located. 

S T R U C T U R E O F T H E B A N I) .<5 

The shnrp lines 331 and 376 of crystalline iodic acid shift toa lowief frequency 
and broaden out photometric records) to form a band with its maximum 

JO— ■ ■ 
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at 334. This band appears with medium, intensity in all the spectra, with varying 
structure and gets diffuse in the intermediate cohcentfa lions. But in the dilute 
solutions again, the band becomes narrower. 

The line at 636 in the crystalline iodic acid gives rise to a diffuse band in the 
solution. This band appears with medium intensity in concentrated solutions 
but rapidly gets feebler and diffuse, but continues to persist even in very dilute 
solutions. This is found to be present even in solutions of iodates, especially in 
the solution of LilOji of concentration 2.3N. 

Venkateswaran reported a feeble band 463 which fades off with dilution. 11 
is found in the pictures taken by the author. 

The bright and sharp lines 728 and 788 of the crystal shift to higher 
frequency and diffuse out to give a bright diffuse baud with its maximum at 772 
in the r8N solution. Ft undergoes conspicuous changes w'ith dilution. 
Venkaleswaran describes that this band has a high-frequency component which 
gets feeble and gradually dies out with dilution, while the main band gets weaker 
and diffuse on dilution and in the solution of 6N it is superposed upon by a sharp 
line. This line becomes stronger at the expense of the band as the concentration 
is further decreased still at very low concentrations, the band disappears leaving 
a strong sharp line. He found a line 823 corresponding to the high frequcncy 
component of the main band in the spectrum of crystalline KlOa.HIO,! and 
therefore attributed this to the I^O# ions. He suggested tliat the sliong line is 
due to the IO3 ions formed due to the dissociation of the HIO* molecules re- 
presented by the main band . 

But the photometric curves of the author reproduced in Fig. i give a different 
result. The main band has an unsyminetrical structure in the concentrated 
solutions, and its maximum gradually shifts to higher frequency from 15N. In 
the 3N solution, the baud is shifted to 803 and assumes a symmetrical stiucture. 
.’Xt still lower concentrations it splits up into 2 lines, 810 and 825, of w'hich 825 
gets feebler and feebler and Sio gets more and more intense with dilution. 
This behaviour of the band can be looked upon as due to the superposition of 
2 components, with their maxima at about 770 and 825 of the crystal correspond- 
ing to the lines 728 and 788 which shift to higher frequency from crystal to 
solution. As the concentration is decreased, the component 770 -gets feeble 
until at iN it is practically absent, while the component 825 gets brighter at the 
expense of its neighbour. As a result of blending of these bands into each 
other, the maximum of the resultq^t appears to shift to higher frequency. At 
still lower concentrations iN, another line at 810 makes its appearance, w hile the 
Wand 12S is reduced to a feeble line at 825, which goes on diminishing in intensity 
cm dilution while 810 is getting brighter, as is already described. 

Effect of Temperalure. Spectra of the acid of concentration, 18N taken at. 
the laboratory temperature and at a temperature i3d“C. conjpated to see if 
there are any changes in the structure, which would help to sti^dy its propei^ie# 
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better. Bat the changes are found to be very slight and cannot be described 
accurately, though the range of temperatures is large. It could not be studied 
at still higher temperatures as the acid is found to decompose slightly. 

DISCUSSION 

The changes in the structure of the bands with dilution can be interpreted 
on assuming the presence of three kinds of molecules (HIO,)a, HlOj and 10,, 
(HlOa)* and HlOj being predominent in the concentrated solutions and HlOa 
and IO3 in the dilute solutions. The band at 324 is the result of superposition 
of three bands excited by the three types of molecules. They are very close to 
each other and therelore the changes that each component undergoes on dilution 
cannot be traced. 

Nayar and Sharina, attribute the baud 636 to the (HI0a)2 molecules as the 
hand gets feebler on dilution and could not be photographed by them in the 
dilute solutions. Venkateswaran ‘ refuted the above contention as he found it 
in his spectra of dilute solutions also- The two conflicting' views can be explained 
if it is assumed that this band is the resultant of the bands excited by (HIOj)*, 
HIO3 and 10,, and that the contribution to the intensity of this band due to 
(HIO*), is large compared to that due to HIO, or 10 ,. With decreasing con- 
centration iHIOa), molecules dissociate into HlO, and therefore the intensity of 
the band falls off more than in proportion to dilution. 

The behaviour of the band 770, which is the most intense of all, also can be 
ragarded as due to the superposition of the bands excited by (HlOa), and HIO, 
and in dilute solutions by 10, ions. The component with the maximum at 770 
is due to (HIU,), molecules and that at 825 to HIO, molecules. With decreasing 
concentration (HIO,), molecules dissociate to HIO, molecules and hence the 770 
hand is decreasing in intensity while 825 is increasing in intensity on dilution, the 
resultant of the band thus appearing to shift towards 825. 3N downwards, 
(HIO,), molecules are absent and HIO, molecules, which are predominent, begin 
to dissociate to lO, and H and the line at 810, due to 10 , ions, becomes pro- 
gressively intense on further dilution. 

In this connection, one point requires elucidation- Venkateswaran attributes 
the component 825 to 1,0, ions as this line is found in the spectrum of crystalline 
KlOa.HiO,. This view warrants a large dissociation of the acid even in high 
concentrations where the intensity of this line is large, which means a high 
electrical conductivity of the acid at those concentration. But the acid is consider- 
ed to be very weak, Therefore the above contention is untenable. 

It is possible to calculate roughly the degree of dissociation of the acid in the 
lower concentrations by comparing the intensity of the 810 line in the soluticms 
of the acid and KIO,, on the same lines as was done for HjSO, studied by tb^' 
author. The following table gives the intensities of the lines in solutions of the 
acid and KIO*. 
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Solution 

TiUtfiisitv of line 8jr 

Degree of dissoe 

IsTOg 

353 

JOO% 

niO;< O..IN 

199 


rno:i o.sN 

l.io 

■10% 


l‘oiiceiilmlioiis of only those* HcJutioiis for whicl] the lines Sio and 825 arc 
suiTiciently resolved arc taken. At higher conceiitralions the lines £rc diffuse 
and the intensities of the two components cannot be accurately determined. At 
still lower concentrations the lines are superposed by the background and there- 
foie tlieir intensities could not be accurately determined. 

From the above tabic it is clear that, even at such concentrations as o./jN, 
the degree of dissociation i.s only 56%. Kven in dilutions of o.iN of HlO,., the 
intensity of the 810 line of HlOy is found to be smaller than that in o.tN KlOn 
wliich iiidicatCvS that the dissociation is incomplete even at that dilution. There- 
fore iodic acid should be regaidcd as a weak acid compared with nitiic acid or 
sulphuric acid. 

In conclusion, the author wishes to record his grateful thanks to Dr, 
I. Ramakrishiui Rao under whose direction the above W'oxk is done. 

1 )KI'AKtMKNT < \ '1 lYSlCS, 
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N. k. Ran, liui. Pliys., 14 , Jcj3 (1940). 

? V. Krisljtinnniily, huL Jour, Phyn., 3 , 633 (1930). 

^ Nayar jukI Sluirinii, Z, Auoifi, AUgcni, Cficiu., 2 * 0 , 1^9 (193/1). 

^ Na>ar aiuHJaiiola, ,, ,, 220 , 1O3 1 U)34) . 

^ W'oodnaul, Tv, Notiiri\ 32 , 212 (1931). 

^ Vonkatt-^s^\n]an, C. S., .Pu)c. huf. .Irad. Sci., 2 A, iig (1933). 

' Vao, and W'u, J'hys. Prv., 31 , 235 (1937)* 
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PROPAGATION OF SOUND IN LIQUIDS AND VISCOSITY 

By G. SURYAN 

{Received for publicaliony Sepiember 7, 1941) 

ABSTRACT. An euipirical rolation js ^ivrn belwfuii soiuid vLlocily (i^) aiul 

nsm.silv (t;) of Injuids The propagation of .sound in liqiiitls is dismssed on the basis of energy 

n MtisfoTcnee iK'tween molfculfs 'Jh(‘ relation between stmiid udocilv and molecular 

di.nnrler (rr) is also dedneed theorclirally llierefroni. The relation ?? w follows fjorn nbovc\ 

rr» 

Dispersion of acoustic velocity with freqiteiicy is sliovtu to be true from Uic. theory. The 
tre(|ueucy range for dispeision is also (liscusscd. 


§ 1 

It is wulMfiiowii fact tliat tlie velocity of sotijid in a liquid varies witli 
tcmiieralure and the viscosity of the liquid also varies rapidly with temperature. 
'1 is known that the velocity of sound depends upon the nature of movement of 
I he molecules iu a liquid and the viscosity of the liquid is dependent upon the 
nature of movement of the molecules under consideration. Both (sound velocity 
and viscosity) are known to be functions of the frequei-icy of the molecules and 
their size. Then a relation may be expected between the Im'o. The relation at 
fir.st might seem too complicated but a closer investigation results in a simple 
relation. 

It is seen that the ratio - v — — t (where v is the velocity of sound in the 

log(t; X 10-’) 

liquid and >/ the viscosity of the liquid at that temperature) works out to be a 
constant independent of the liquid and independent of the temperature. This is 
.shown by table I. The constant has a mean value of 1.2, where instead of using 
directly the value of wc use »/ x as »/ is a small quantity generally. 


Therefore we have 

_Joilo =* 1.2. 
logiof'l lo’^) 

From this we get the relation 

logio ~ [log,D(»/X ]0 ®)]t.2 


(l) 


or 


v~(>i X 10”) ’ independent of temperature. 


(2) 



7B 


G. Suryan 


Tabi-e 1 



d'empei atiire 

“"■V.. .j 

Velocity j 

Metres /sec. | 

■ ■ ' 1 

A’ is cosily 

X 10^' 

loji:; V 

lOglT] X J0&) 

Ac'etf>]ir 

(1 

! 

1273 1 

395 

1.212 


2'* 

1 1 ()n 1 

300. 

1,240 



lion 



'\inlu\i' 

o 

171.’ 

Srj.s.r. 

1 . 1 04 


^0 ! 

G-r.n 

,l//)o 

1 im 5; 

• 

■ j 

( ! 1 » u 


1, 25.; 


■lo 1 

■•5V»-5 1 

24 1. 0 ; 

1 -343 


yo 1 

1 

1 

i8cj.o 

1 ,401 

Huii/i-iu' 

20 

>324 j 

04 g 0 1 

1,1 J 1 


1 4“ 

1231 j 

492.0 1 

i 

J.I4Q 

Ivttlll 

i 

! 

I "95 1 

1 

300.0 j 

1 226 


i 

i 

1 

IO52I 

238.0 

1-253 


1 20 

1 < lob 

234,0 

I 267 


1 

GA<) 

1 

2J2 0 j 

J 277 

rU'piuiic 

i 

1 

J.'33 1 

1 

1 

5 > u ! 

1139 


j 

1154 1 

410.0 

1.J71 


40 

{ 

1070 

34. Vn 

I .iq6 

Ili’xaiK' 

i 20 

H3(2. 3' 

3af^.o 

1 .215 

C'lilurofnrni 

! 

1 ooc> 

550.0 

1 .ogO 

1\T< tlivk-TU’ iodide 

1 

! 

97? 7 

475 

I 124 

Methyl sloohol 

1 0 

! ii?^7 

1 

813 0 

I “056 


20 

1 

j H21 

yqi.o 

1.117 


; 


430,0 

1139 

Oclaiie 

1 0 

1 

1277 

703-0 

1.091 


1 

20 

3ig2 

53^^o 

1.127 


1 40 

J108 

« 

428.0 

1-157 

I'oluene 

1 

i 0 

1414 

768,0 

1.091 


20 

1337-5 

586,0 

1.128 


40 

1243 

466 0 

1-157 

C^irbnn disulphide 

2,^ 

1149 

1 

360.0 

1,198 


Propagation of Sound in Liquids and Viscosity 79 

To make equivalence between dimensions of both sides of the relation there 
must be on one side of the equation a constant w'ith the required dimensions. Thus 

D = Gihxio®]'’** ... (3) 

where Gi is a constant dependent on the nature of the liquid under con- 
sideration. Taking- logarithms on both sides of (3) we get 

login'll ^ ^ogtoG, _ ^ 

j logiolv X 30"^] 

The above equation (4) will explain the small variation of the results in the 
last column of table I. In getting the results of table I, wc have neglected and 


have not considered tlie eJTect of - 


log oGx 


For ordinary liquids considered 


nave noi euiisiueiuu uic cjicct r f/i- ^ i^v4 

lo.C U'l 10'’J 

in Table I, the constant Gi is very nearly equal to i. Therefore the term 
containing Oi will vanish and very nearly equals zero. 

Uut for liquids having a high viscosity and relatively low velocity of sound 

tlic ratio will not be in line with those of the other liquids like 

'o8iolV>' 10’’ I 

those of table 1 . In such a case the constant f. i will no more be nearly i Inil will 
be less than I and small. Therefore the term containing in (4) will be negative 
ami the resulting value of the ratio will be small. 

In the case of liquids of small viscosity and a relatively large velocity of 
sound the constant Gi will be large and the term containing Gj in (4) will have 


large ijositive value theieby increasing the value of the ratio 


log I 0 1' 


junuivu VrtlLlG JIIW li*v 4 p . , . 

log|o(»/ X 10 ’) 

For ordinary liquids the cou.statil being very nearly j , the effect of it is neglected 
and the value i.e2 or ii/g is evaluated . 

The following table II shov\ s the case of highly viscous liiiuids like glycerine. 

It will be seen from table II that for highly viscous substances the ratio 
attains a very low value. 

Therefore v c can write the equation iti the final form as 


1.1 

V — Grj 


uherc G is a constant. 


Liquid 


'I'empLa’iitiirt' I Velocity 
"C, ]\ri (res/ser. 


log V 

log {f) X JO®) 


Lilyocrinc 

Carbon tetrachloride 
liutyl^nlcohol 


23 


.0294 


'5526 

•9963 

.89M 
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§a propagation OF SOUND IN LIQUIDS 

We can consider the propagation of sound in a liquid as due to a series of 
collisions between molecules initialed by the impinging wave. Let the sound 
wave in a liquid be divided into a number of parts each proportional to the 
intermolecnlar distance and let the total energy on the wave be divided into the 
same inunber of parts each proportional to the amplitude of the part ; then each 
part of the sound wave will have its associated energy proportional to its ampli- 
tude. If the wave reaches a molecule and the energy is absorbed by the molecule, 
the molecule will have an increased velocity to account for this increased energy. 
Then there will f)e an increase of the frequency of the molecule. Now assuming 
that at each vibration the molecule of higher energy gives its excess of energy to 
the neighbouring molecule, il will be seen that one part of the sound wave will 
travel the iutermolecular distance (^■) in i/v sec. Jf the sound wave be divided 
into :v parts then a parts or one wave will travel through kxo in i/v seconds, 
wdiere n is the frequency of the wave, which is the same as v/v seconds. 


Now the velocity of sound is given by 



V — nh 

... (6) 

and 

I A' _ V 

= -- or // = — 

n V V 

... ( 7 ) 

and from our assiimi>tioii 


A'.rcr = A 

... (8) 


where k is the ]>roportionality t oiistant dci)eiideiit on the iiquid. Then we get 



V = kxiT,— 

A 


... (9) 


— kvo . 


.. (jo) 

Assnmuiy that 

vu: -~ 

tr'" 

i 


.. (ll) 

we get 



(12) 

Now putting 

ni TO 



we get 



... (13/ 

Combining this with (5), wc gel 



... M 
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The Ihcorclical relation (13) above is seen to be true empirically also ^ stu li 
dial the assitmplioiis made in deriving (13) are essentially correct. 

In deriving (13) it is assumed that the frequency of a molecule is not changed 
\ ei vmucii. This changed frequency (which frequency uiusl be used instead of 
the normal frequency in deriving (13) ) will not vary much from the normal 
irequeiicy of the molecules at that temperature- This change of frequency and 
its magnitude will be dependent nimn the frequency of the sound wave. Theie- 
foie there will be dispersion of acoustic velocity at very high frequencies. The 
acoustic dispersion in the range we are considering will l)c very small and is 
tieglcctcd ill deriving (13). The dispersion will I)c larger when the acoustic 
frequency is comparable with tlie molecular frequency. Tlie theory ouiliued 
aI)ove is still in its earlier stages and lias to be jierfccted to give quantitative 
results about dispersion and acoustic frcquejicy. 

Ibom the above relations it is seen that much interesting facts can lie 
deduced. It is possible to derive an equation for the temperature change of 
\elocity of {sound in liquids from '5). Hy advancing the theory proposed in cj- 
to solids the author hopes to get valuable informal ion. 

In this connection the author thanks Prof. A. V. Telang of Central College 
for permitting him to make use of the Physics Library at the Central College, 
Bangalore. He also thanks Dr. B.V. Raghaveiulra Raoaiid Mr. 1). S. SubbaramiaJi 
of Central College, Bangalore, for going through the paiier, 

1^9 IJRIOI'KT, 

liANOACORiv City. 


K E 1' E k 1^ N c n 


• Jtiti, Jou}. Idiy. XIV, log (iQ/ioi 


li — 1423!^— 1‘ 
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THE DIELECTRIC STRENC m OF INDIAN VEGETABLE OILS 

By S. i:i lAKKAVAK I Y 

AND 

MAHAN 1 1 

(Ki'i !'/('(■./ h>i I'nhlii'iitioii, (m;;) 

I N T R O I) V C T T ( > K 

iudia is rich in vcRcliihlc oils. It is being felt that their pliysica’ and electri- 
cal i)i’o[)erties should be carelully investigated with a view to ascertain whether 
they can be siiilaldy substituted in place of nn'iuial oils, which are used as insul- 
ants for variou.s electrical purposes, especially iji tiansfoiineis, oil switches and 
oil-lilled condensers and cables. 

Their physical pro) icrties such as visco.sily and gas absorption at diflerent 
temperatures, their clectriiTd ijro|tc)lies such as d.c. eoiiductivily and elielectric 
constant aie being vsUidied iii this laboratoiy by ulhei workers. The piesent 
anthois have, however, begun a sei ies of investigations on their dielccliic strength 
(or electric In-cakdown), dielectric loss and powei factor ineasineineiits. 

In the present pajK-r are reported the laeliniinary results olitained on the 
electric breakdown of as many as loin teen samples of Indian vegetable ods and 
the inlluence of moisture content on their bieakdowii voltages. 


)<: X P 1- R 1 M It N T t ], 

h'oi i)reiimin<uy invest igatiojcs it was thought lit to lest the breakdown volt- 
ages of the <.iils according to the method jne.serihed in the li.vS. Specification 
No uiX, 10C7. Tests ha\'e heen pel ionnod with both a. c. and ti c. voltages im- 
pressed on the oils. 'I'lie a.e. \oltagc was obtained iroin the secondary of a 
(l.K.C. step-iiji voltage (e.’oV7-U),uooVj transformer, the jirimary circuit being 
controlled by an auto-trausfoimcr. The contiol of the high-voltage circuits is 
shown in the circuit diagram, b'ig. i. 

[I'or te, sis with d.c. voltage a Kciietrou lectifici was used in the secondary 
circuit of the .H.T. transformer. A re.sistancc of about 40,000 ohms W'as used in 
the high-lension circuit during the tests. The l ollage across the cell containing 
the oil under te.st w-as measured with the help of an electrostatic voltmeter 
(o — i!5/5o/ioo KV). The frequency of the a.c. supply was maintained cons* 
tant at 50 cycles per second. 'I'lic wave-form of the supply voltage was sinu- 
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li y vV j}(j I Ai.| 

I7,ftr(lv ^ • -J 


-'ll 






rv"'i 


-f: 




Fk;. t 


soidal, the crest value tliutefore t.:i 5 times the R.M.S, value as measured by 

the electrostatic voltmeter. 

'riic oil container is made of a thick-walled glass vessel of internal dimen- 
sioiis 55 mm. x go mm. x too mm., according to speeihcalion. Two circular holes 
ajt: made on the two o]>posite walls of the vessel io allow the spherical electrodes to 
pass through them. Tlie electrodes aiebiass splieres of 13 mm. diameter, each 
])L‘iiig scrcw-crl up to a small slaiiiiess steel shaft with a terminal screw* outside and 
held in position by means of collars such that the splierical electrodes remained 
perfectly horizontal. One of the electrodes is fixed while the other is made 
movable by a sliding adjustment of the shaft thiough a guide. The guide is 
provided with tw’o slots having an interval of exactly 4 iiini. (or 0.157 h*-)* When 
the fixing pin on tlie movable shaft is put in the liisl slot, the two spheres jnsl 
touch each other, but when it is removed to the second slot, they are separated 
exactly by 4 rnm. 

The electrodes and the cell w'erc thoroughly cleaned and dried Ijcforc test on 
each oil was carried out. 

The oil under lest was initially heated sliglitly above the room leiiiperature 
(to about 4o"C.) and stirred in a vacuum chamber for several hours to remove the 
moisture ah'cady present in the oil and to drive out the dissolved air in it. It was 
then cooled down to the room temperature in the same chamlier. A volume of 
about 300 c.c. was introduced into the previously clcaiud cell. The final puri- 
fication, be., removal of dust and fibres, which might be present as suspended 
impurities, inspito of its being filtered by means of a stieam-line filler, was done 
electrically. The cell was filled with the oil under lest and a voltage of 10 KV 
across the electrodes v\as applied for thirty seconds, thus subjecting the oil to a 
voltage gradient of 25 KV per cm., so that all the dust particles and fil)res might 
be attracted by the electrodes. The ekclrodcs w ere washed clean by pouring 
over them some fresh oil. This operation w'as repealed several times at the begin- 
ning of each test. 
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Taw.e I 


Tempevaliire^ 3(i''C. Haroinctric I’lcssure-- yS-?-’ 


Nanu' of oil ieslod 

Preliminary an'iiij* 
fornifd at KV/cm. 
(R.M.vS ) 

ATax. a.f voltago 
appli(*d per em 
iR.iM.vS.) 

UtMiiark 

Caslfjv oil 

■ 

47-5" KV 

No breakdown 

Coooannl oil 

— 

‘17 vS'‘ M 

0 

l\[oliiia oil 

- 

4*^.. so M 

> 1 

CoUoti Seed oil 



1 1 

Uapo oil 

.■jn on 

47*50 ,, 

- 

Rayon n oil 

.I’.Sn 

47 5" M 

9 1 

Ararbis oil 

:u '■>" 

40, sn ,, 

)> 

Wood oil 

a 1 un 

)0.So M 

Tlr(Mkdo\\ n 

Kapok oil 

IS-Oi* 

1«.7.S .. 

No break dou 11 

I’unag oil 

i • 

.lf).,sa ,, 

f » 

Neom oil 


l'^‘7S )• 

M . 

Chnlimi^ra oil 

i 

i 

•l■'’•7.s 1 . 

*> 

Linseod oil 

i 

•17-7.S 

M 

ScF^amc oil 


4«.75 „ 

, 0 
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Voltage was then applied in gradual steps to the cell containing the purilied 
oil, At each step the impressed voltage was sustained for at least one uiinnle. 
Similar tests were performed witli d.c. voltage of the same range. The results of 
these observations are given in Tables 1 and IT, 

TAuru II 

Temperature = 3t"'.5 C. Bai'ometiic Pressure = 75.50 cm. 


Vnnic of oil tested j 

Preliniinary arcing 
formed at Jv\'/cn) 
(d.c.) 

^lax. d.(\ voltage 
applietl por cm. 

1-i^c‘inark 

C'iistnr oil 

- 

KV 

No breakdown 

CfK'oanut nil 

5.00 

id »j 

} • 

’Molina oil 

- 



Cotton Set'd oil 

— 

-|7'.S'' M 

'1 

Pape oil 

.ijo ou 

,|7..S„ ,, 

1 

Kavona oil 

a7-5“ 

M 

• . 

\iailiisoil 1 

1 

P'.rSo 

,p).5n ,, 


Wood oil ! 


1 .15.00 

breakdown 

ICajiok oil 


! ‘17 

No l)r( nkdown 

I'nnnjj; nil 

— 

‘17-50 ,, 

P j 

Ni etn oil 

1 


1 1 

('ludningra oil 

1 

1 — , 

i 

• I'-'./.S .. 


I oust ed oil 

I 

l7-5'> 

J f 

s.aiiic oil 

po.oo 

i 


- 


To study tlie elTcct of moisture on the breakdown voltage, the oil was dried 
and p\irified electrically as before. A known quantity of distilled water was 
added to a measured volume of the oil and shaken vigorously and stirred before 
being filled in the cell. Sufficient time was allowed for the air bubblcs to clear 
out from the oil adjacent to the electrodes. The test voltage was then gradually 
applied, carefully noting the effects produced thereby. The moisture content was 
gradually increased. The breakdown voltage was noted at each step. A few 
tyi)ical curves show’ing the relation between breakdow-n voltage and the percentage 
of moisture content for two of the oils studied are given in Fig. 3, The data for 
these curves are included in Table III. 

It was further observed that when any impurity is introduced into the oil 
under test, the breakdown voltage diminishes. Sucli observations have already 
been made by several authors in the casQ of piineral oils* 
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Kjg. 3(rt) Fid. 3(f>) 


Tadm- III 

Teniperaturc = 30” . 5 C. Barometric Pressure -7^.5 cn\ . 


Cotton Rei d Gil I Rayomi Oil 


1 

% of 

Arcing volUivc 

Break down voltage 

% of 

Arcing voltage 

Breakdown voltage* 

■Moisfurc 

in KV per ('in. 
iR.M.S.) 

in KV p(‘i cm. 

TVIoislnre 

in KV per cm. 
(R.M.S.) 

1 

ill KV per cm. 
(R.M S.) 

(*,0000 


— 

O.UOOtl 

37 . 5 f> 

— 

o, 00 ,S.S 


— 

0.0071 

32-75 

— 

n.oi .S< ' 


- 

o.oJ /13 

50.00 

— 

f) ( r.Jt lO 

.■^ 7 ' 5 ^’ 

— 

0.021.-] 

50.00 

— 

( ) ’ 

^^S-OO 


0.0280 

50.00 

— 


.U’ .IS 

i ■I 7 - 5 '* 

1 

‘\'^57 

30 oO 

' 1^-75 

(l.OyJ \ 

yt.Oi 1 

1 5 " 

1 

0.0500 

30.00 


0.1 

->o no 

.l 7 .M> 

0.0714 

25,00 

-45-25 


- 

j 

0.1428 

20 (H) 

40.00 

— 

— 


0.2856 

13-50 

. 17-75 


Our conclusion regarding the suitability of these oils as insulanls is icservcd 
till our study of their physical and other electrical properties is complete. 


iMli/VSURKMKNT RaBOHATOUY, 
OlilMKTMKNT OJ? AW*UKl> PHYSICS, 
tlNIYliRStTY CorLKC.E OF SCIENCE ANU 1 liCHNOllE-Y, 
<>*, VOTK C1RCUI.AK ROAli, CAIvCUnA. 
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ON VOLTAGE STABILIZER CIRCUITS* 

By BINDUMADHAB BANERJEE. M.Sc. 

{H^ccivcd for publicatiou, November ,j, 1Q41) 

ABSTRACT The paper descrilies several improved forms of voltage stabilizer circuits. 
The siiiglc-valvc aud the two-valve Nelier Pickering circuits have been improved by reducing 
the number of dry batteries used, without in any way .sacrificing the performance. New 
principles are applied to the usual two-valve stabilizer ciicuit by which it i.s po.ssiblc to have 
“ perfect ” stabilization and “ zero ’’ or negative internal resistance. A circuit is de, scribed 
which is .suitable for supplying a stabilized current to the heaters of the thermionic tubc.s 
used in sensitive valve voltmeters, The ijerformance of the ciicuit is veiy much superior to 
that of the stabilizing transformers and baretter tubes as regards the stabilization. 

The effect of .source re.'-istance on the perlorniauce of stabilizers has been studied. The 
analysis ha.s the advantage of being not only more general but also more simple and straight- 
forw'anl. 


C O N T R N T S 


1. Introduction. 

2. Modifications on the Nehcr Pickering circuits. 

(ci) Single-valve circuit — experimental arrangement for testing the per- 
formance. 

(6) Two-valve ciicuit. 

3. Improvements on two-valve stabilizers 

fa) A circuit giving perfect stabilization 
(h) A cii'cuit for high currents 

(c) A circuit having negative internal resistance 

(d) Mathematical theory of two-valve stabilizers 

((') General considerations on the design of two- valve stabilizers. 

4. Effect of Source Resistance in modifying the performance of a voltage 
stabilizer. 

fa) Nature of the problem 
ih) Overall stabilization factoi" 
fc) Overall internal resistance. 

5. Conclusion. 

* CptlltiuiTiicated to the Indian riiysical Socidy. 
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j, INTRODUCTION 

A .source of constant voltage is necessary for various physical and techno- 
logical experiments and measurements. Ordinarily, storage or dry batteries are 
used for this pm pose. They are, however, inconvenient and expensive and 
very much so when liigh voltages are required. 

Statali/.er ciicuits of various types liave therefore been developed to perform 
the function <jf the battciy of dry or storage cells. The circuits employ only a 
few low voltage dry batteries, one or a few thermionic valves and some resistances. 
The voltage of the i)riniary source, from which powci is taken, may be fluctuating 
over a wide range but the output voltage Vo from tlie stabilizer remains more or 
less constant ; its variation, v^itli the variation of the input voltage V<, is reduced 
very much in propention. If the current lo drawn from such a stabilizer is 
changed, the outpul voltage Vo changes even when the input voltage is held 
constant. The variational performance of the stabilizer circuit can thus be 

represented by the values of ^ ^ ^ j called the 

stabilization factor and is designated by So, while the negative of 
gives the internal resistance Ro of the stabilizer in analogy with that of a battery. 

Ml ' 

The stabilize! circuits can be classified into four groups according to their 
derivation from : ’ 

(a) the amplification factor bridge circuits), 

(b) the Iranscoiiductancc bridge fS circuits), 

(c) the degenerative amplifier (I) circuit), 

and (d) combination circuits involving two or more of the foregoing classes. 

The most notable of these circuits arc the one described by Evans ® and Iw'o 
others described by Neher and Pickering.’ These ciicuits are widely used but 
they suffer from certain defects. Thus the Evans circuit, which is a /x circuit 
employing a pentode, has a very high internal resistance. It is tlterefore not 
suitable for applications requiring a constant voltage under varying curient 
drains. Also the output voltage tan be varied onl)^ over a small range as other- 
wise the balance conditions will be upset. 

Again, of the two Ncher-Pickering circuits, the first one, which is an S 
circuit modified by the inclusion of a scries icsistance, though capable of giving 
excellent performance, particularly with systems requiring negligible current 
drains at high voltage (O, M. counters, etc.), suffer from the disadvantage 
of having tw o dry batteries, and also have a relatively high internal loss of 
voltage. 
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The second circuit of Neher and Pickering is also very good in the sense 
tliat it is capable of giving very high stabilization ratios and is suitable for large 
cunent drains; but its most serious obstacle to general use is that it employs 
four dry batteries, one of which has to be very tlioroughly insulated and 
shicldecL 

In the present investigation the author has first effected certain improve- 
nieiUs on the Neher- Pickering circuits removing some of their common defects. 
These are described in § 2. He has further introduced modifications to the 
usual two-valve stabilizer circuits l3y which it has been possible to have ''perfect 
slabilizalion and zero or negative internal resistance. These, along with a 
circuit suitable for supplying a stabilized current to the heaters of thermionic 
tubes as are used in sensitive valve voltmeters, are described in §3, The effect 
of source resistance on the performance of stabilizers is investigated in § 4* 


? M 0 1) 1 in C A T I N S ON T TT E N K IT li) R - T 1 C K 1C R 1 N Or 

C I R C U I 'I' S 


ill) Sin^i^lc valve circuit. The first circuit of Neher and Pickering is 
modified to the form vshowii in Fig. i. The improvement consists in eliminating 
tile screen battery. The screen grid is supplied from a poteuliometer connected 
across the input voltage terminals. But, as will be .seen presently, in sifite of 
this, tlie screen voltage remain constant, iiideiiendenl of fluctuations of the input 
voltage. 



Modific*d form of the single-valve Ncher-Pickering circuit The screen battery is 
replaccd-by a potentiometer connected across the input tcnninals. 
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The acliciu of the eircuit is as follows. As the input voltage is increased 
from a very low value, the output voltage continually increases, until at a value 


V.' = 


v„ + (v„ 


t-V,) 


Rl. . 

Rg + Rs 


(i) 


'Phe output voltage becomes equal to Vo, the stabilized voltage required, given by 
the relation * 


Vo = 


Ra 

1^1 


(V 


( 2 ) 


fi is the negative grid voltage at which the tube just begins to take curient. 
Before this, none of the positive electrodes—the screen grid or the anode-takes 
any current. When the input voltage is equal to V,', the screen voltage becomes 
equal to 


As the input voltage is increased still further, the tube takes current simid- 
taueously through the anode aud the screen. The anode current is given by 
the relation * 



Assuming the sciccn current to be a constant fraction of the anode current, we 
have 


If no screen current were taken by the tube, the voltage acro.ss Re, would 

increase to the value V i — ■ But due to the screen current, the actual 

Ra + K,, 

voltage will be smaller and may, by suitable choice of R 5 and Rc, die made 
exactly the same as it was previously, ra'a., that given by (3). The method of 
calculation of the proper values of Rr, and R,; is indicated below. 

By Thevaniu’s theorem, the soteen supply system imy be replaced by the 
simple circuit having the constants as shown in Fig. 2. The condition to be 

* The relation V„ (V, — t) holds in the case when tlic battery is coimecled lie- 
tween the junction of R2 aiul R3 and the grid of the tube IV 



On V oltage Stabilizer Circuits 


91 


satisfied is, therefore. 


Rn 

Rd + R.; 


Vi-R,I. = V.. 


(5) 


Next vve are to prove that if equation (5) is satisfied at one value of it 
A-ill hold for other values as well. 




^3 ^6 


o--V^AiVVW\r-<> 




TO SCMtN 
GRID 



% 



Fig. 2 


K(|uivak iil electrical circuit of the screen supply syslt^m 


111 other words, eq. (5) should he indcpeudcnl of V,. Let us substitute 
ci[. C4) in cq. (5). We get, after siniplificatioii, 


It is clear that the above equation will be independent of V , , if 


( 6 ) 


Re . 

Rr» + Ri: R] 


(7) 


The other equality which equation (6) leads to is also satisfied by Kquation (3). 

The appropriate values of R* and R# can be calculated with the help of 
equations (3) and (7). They are 


R5= -J-- and R,i = 


It will be observed that the value of R5 is independent of the voltages V t or 
Vq. So that if the output voltage is charged by changing either R 3 or V., the 
value of Ra need not be changed. But the value of Rg will have to be changed 


Rl 

Xi' 

V. 


— I 


... ( 8 ) 
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so as to make a the same as before, as a depends on the screen and the anode 
voltages.'^' 

For the sake of comparison, a circuit was set up, using nearly the same com- 
ponent values as were used by Neher and Pickering. The performance of the 
circuit, with a screen battery of 53 volts and v^ ith a potentiometer holding the 
screen voltage constant at 51 volts, is shown in the curves of Fig. 3. The effec- 
tiveness of the circuit in stabilizing its own screen voltage will be appreciated if a 
comparison is made between the screen voltage — input voltage curves depicted 
in Fig. 4* 



Fig. 


3 


Stablhzalion cliaiartc.*ri sties oi the circuit ol Pig. i lor hiHcrent values ol the screen 
supply resistance. The curves for R5^ii‘5 Meg. and Rc-i Meg. shows 
tlial the: output voltage variation is less than 0.1 volt.s 
over the input voltage range of i.'ioo— 1900. 


The performance of the circuit can be considerably improved by utilising the 
screen grid as another control clement of the stabilizer as described below. 

The values of Rtj ^nd I<({ may be so chosen that the screen voltag^, instead of 
remaining constant, increases steadily with llac input voltage. Under such condi- 
tion the control applied to the screen grid forms ix t ran sc on du dance iype sXM- 
lizer circuit and stabilizes the voltage^ at the output terminals even when no control 


'i'he scrt eii ('UiTCiit is not merely tlje primary electron current but may be greatly 
inodUied by .secondary L-lectrons ejected from the vscrcen grid. These are drawn through the 
suppressor grid when a sufficiently high voltage is on the anode. The primary electron current, 
however, bears a constant ratio with the aiiode'cniTcnt, whatever may be the anode and screen 
voltages. 
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is applied to the grid. A transcondnctaiice circuit gives perfect stabilization when 
the relation 

CS,„=^ ... (q) 

is satisfied, C gives the rate at which the voltage on the grid of the tube (in our 
case the screen grid) changes with change of tlie input voltage. Thus 

Sm the Iransconductance between the electrodes, being, in our case, the screen 
grid to anode transconductance. 



Fig. 4 

Variation of screen voltage of the tahilizer tube with input voltage. It is to be noted how tb e 
variation of the screen voltage can be reduced by using suitable values (R6”26 Meg. and 
R(;=i. 25 Meg.) of the scieen supply resistances. The dotted cuh e show's the 
variation of voltage acro.ss a potentiometer of 26 Meg. and 1.25 Meg 

In the usual type of transconductance circuit where the control is applied to 
the grid maintained at a negative potential, the value of C is constant. In such a 
circuit the condition of perfect stabilizaticn is satisfied at one value of the input 
voltage, viz., where Sw has the value given by equation (9). At other values of 
the input voltage, the current through the tube being different, the Iransconduct- 
ance is also different. As a result, such a circuit gives a high stabilization factor 
only over a siiiall range on both sides of the input voltage where the condition 
given by the equation (g) is satisfied. In a screen grid anode transconductance 
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so as to make n tlie same as before, as a depends on the screen and the anode 
voltages.'" 

For tire sake of comparison, a circuit was set up, using nearly the same com- 
ponent values as were used by Neher and Pickering. The performance of the 
circuit, with a screen battery of 53 volts and with a potentiometer holding the 
screen voltage constant at 51 volt.s, is shown in the curves of Fig. 3. The effec- 
tiveness of the circuit in stabilizing its own screen voltage will be appreciated if a 
comparison is made between the screen voltage — input voltage curves depicted 
in Fig. 4. 



Fig. 3 

Stabiliznticm cliar.'icteri.slics of Ifie i-irciiit of Pig. i for different values of the screen 
.supply rc.sistanee. The curves for R}=ii*s Meg. and Rr, = J Meg. shows 
that the output voltage variation is le.ss than o.i volts 
over the input voltage range of 1400—1900. 


The performance of llie circuit can be considerably improved by utilising the 
screen grid as another control element of the stabilizer as described below. 

The values of R.-, and Ru may be so chosen that the screen voltage, instead of 
remaining constant, increases steadily with the input voltage. Under such condi- 
tion the control applied to the screen grid forms a imnsconduclaitcc type stabi- 
lizer circuit and stabilizes the voltage^at the output terminals even when no control 


* Thu .sem u cun cut is not merely the primary electron current but may be greatly 
niodltied by .secondary electrons ejected from the screen grid. These are drawn through the 
suppiessor grid uheii a .sufficiently high voltage is on the anode. The primary electron current, 
however, bears 0 con.sUmt ratio with the aiiode^urrent, whatever may he the anode and screen 
voltages. 
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is applied to the grid. A transconductanre circuit gives perfect stabilization when 
the relation 

CSm=i (g) 

Ki 

is satisfied* C gives llie rate at which the voltage on the grid of the tube (in our 
case the screen grid) changes with change of the input voltage. Thus 


Sm iis the Iransconductance between the electrodes, being, in our case, the screen 
grid to anode transconductance. 



Fig. 4 

Variation of screen voltage of the tabilizer tube with input voltage. It is to be noted how tb e 
variation of the screen voltage can be reduced by using suitable values (R5-26 Meg. and 
Ro=i .25 Meg.) of the screen supply resistances. The dotted ctir\ e shows the 
variation of voltage across a potentiometer of 26 Meg. and j.25 Meg 

In the usual type of transconductance circuit where the control is applied to 
the grid maintained at a negative potential, the value of C is constant. In such a 
circuit the condition of perfect stabilizatirn is satitfied at one value of the input 
voltage, viz., whore .Sm has the value given by equation (q). At other values of 
the input voltage, the current through the tube being dilleient, the transconduct- 
ance is also different. As a re.sult, such a circuit gives a high stabilization factor 
only oyer a small range oil both sides of the input voltage where the condition 
given by the equation (g) is satisfied. In a .screen grid anode transcondpctanco 
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circuit, however, the value of C is not coiislant, being dependent on the rate of 
rise of screen current with input voltage. When the screen voltage is held cons** 


tanl, the magnitude of this quantity 



does not increase so much with the 



Fig. 5 

Variatinn f»f tlu' anode and screen currents of the stafali/er lube witli input voltage. 


iupul voltage V < as will be seen from the two screen current curves in fig. 5, 
althongli it is still appreciable. If, however, the screen voltage increases with the 

0 I 

input voltage, the increase in magnitude of ^ becomes considerable as 

may be judged by comparing the two curves of Fig. 5. The result of this is to 
diminish the value of C as the input voltage increases. (Sec the screen voltage- 
input voltage curve for Ri5 = 8 Meg. and R(i=.35 Meg, in fig. 4.) This diminution 
of C with the input voltage may cause cq. (g) to be satisfied again at a higher 
value of input voltage giving perfect stabilization at another point on the higher 
voltage side as is depicted by the curves in Fig. 6. With a suitable choice of the 
values of R5 and these two regions can be brought sufficiently close together- 
giving high stabiliz-ation over a considerably wide range of voltages. Thus in the 
curve of R j= II .5 Meg. and Rc = i Meg. where this condition is obtained, the 
output voltage varies by only 2 volts over a r ange of 300 volts. The dotted curve 
shows the nature of the stabilization characteristic if there were no screen current. 

When control is applied both to the grid and to the screen grid, the stabili- 
zation cur ves become, as may be expected, very much better. This is shown in 
fig. 3. The curve for the circuit in which Rj^ir.s Meg. and Ro=i Meg. keeps 
the output voltage constant within o.r volt over the range of 1,400-1,900 volts. 
The resistance R4 of the original Neher-Pickering circuit gives no adrantage and 
is unnecessary. Better performance can be obtained even withoyt it, 
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Fig. 6 


Stabilizatidii curves of the tratismiuUictniice circuit which Is foj jncfl wJicu tlie 
sd’cen voltage is supplied hv a poleiitioiiieter 

E Kpcrimcnlii] (inaugancnl joi lesling Ihc pcijoimancc . The stabilizer 
circuit (lescribetl above is ordiiiarily called upon to deliver siuaJl currents 
Finther, since the stabilization characteristics of the circuit are dependent on 
the value of the current drawn, it is necessary that the measuring instrument 
employed should consume little or no current. Accordingly a valve voltmeter 
may be used to measure the variations while the steady component is balanced out 
Since the output voltage is high, it is convenient to make the measurements 
on a known fi action of the output voltage across a high resistance potential 
divider. A suitable arrangement is in the stabilizer circuit itself, viz.^ Ihe resis- 
tance Ibe battery V,. (Fig. i). The voltage variations across the grid 

cathode of the stabilizer lube may ihereime be measured for testing the perfoinv 
ance. A sj)ecially designed valve voltmeter v^as used for this purpose. The 
circuit w as similar to that of the one described by Roberts* and incorporated a 
variable degeneration resistance which was used as a sensitivity control. 

(b) Two- Valve Circuit. The two valve circuit of Neher and Pickering gives 
much belter perf(3nnaiice than the single- valve circuit. It has a higher stabiliza- 
tion ratio, low'er internal resistance and is also capable of delivering large currents. 
The circuit, however, has the disadvantage that it requires as many as four 
<liy batteries of which one has to be insulated very thoroughly. 

The modified form uses only tw'O batteries none of which demand very 
thorough insulation. The performance of the modified circuit, instead of 
deteriorating, is actually somewhat improved. The circuit is shown in Fig. 7. 

It will be observed lhat the screen battery Ei;.^ and the grid battery of the 
Nehei-.pickering circuit have been eliminated. The arrangement for the screen 
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supply of Ty as used here is more convcnieut than a lap across Ro as suggested 
by Ncher and Pickering in the sense that it is now possible to change the output 
voltage by changing lio, without affecting the screen voltage. The screen voltage 
is equal to ( V 1 1 ), where c is the grid voltage at which the tube Ty operates. 

Not only does this method of connection save one battery, but actually it im- 
proves the performance although only by a small amount. Here the control is 
l^applicd both to the grid and the screen grid as a result of wdiich the effective 
gain (j of the tube 'J'a increases by about 5 to 6 pei cent and with it the stabiliza- 
tion ratio.* 



MrxlJfud tvvo-vjilvt' Nclier-Pii kctiiig circuit. The two hritterics in llu‘ circuil perform 
tlK' of till' four nsed in tin' oiiginal one. > 



% 

Fig, S 


Stabili/otion curves of the modified two-valve Nchcr-Pickering circuit 


" Yhc stabilization factor can be easily shown lobe eciual to 

aH>ro3cinintiou, where ft is the ampliBoation factor of the tube T, . 


R 

^ , G. /lA to a very near 

Ri + R» 
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In the circuit described above the battery Bs performs both the functions of 
the screen battery Ksi and the grid battery Ivg, . The function of Eg, lias been 
to increase the gain of T-j by making the voltage drop across R , and so the 
c urrent through Ta greater than what is otherwise possible. This battery has 
to be very carefully insulated and sliielded. In the circuit by the author the 
battery Ha, which replaces this, requires only normal insulation. A leakage from 
Bo to the negative line will affect the performance only in that it will place an 
extra load on the stabilizer. 

The re.sults on circuits of this type arc shown by the curves in Fig. 8. All 
the measurements were carried out at low voltages but there is no reason why 
the circuit should not operate efficiently at high voltages. ''' 

3. I iM PROVE M E N T S O N 'f W O - \' A L V It S T A H ] L 1 /< It R S 

In this section two- valve stabilizer circuits embodying certain new principles 
arc described. The circuits give considerably improved performance and have an 
extended range of lusefulness. They arc described under three heads, vis., (a) A 
circuit giving “perfect” stabilization ; (/-) A circuit for stabilizing the heater 
curronts of vacuum tubes in valve voltmeters, etc.; and (<) A circuit having 
negative internal resistance. 

The mathematical analysis of a circuit embodying all these principles is 
given. The design of those stabilizers as regards the choice of suitable valves and 
their ot>erating conditions is also discussed. 

(a) A cHcuH ^'Pcrfccr* slabilizalion . Tlic usual Ivvo-valve vStabilizer 

circ'uil like those shown in figs. 7 and 13 cannot give perfect slalfilizalion, ?.r., 
tlic change in output voltage rfVo can never hcconie zero for a change dY ! 
ill the input voltage although it may be very small in comparison. The very 
nature of operation of these circuits demand the prcvsence of some control voltage 
at the grid of the tube Ts- This control voltage is furnished by the change in 
tlie output voltage dV„ in the usual two- tube circuits. However the necessary 
control voltage may be easily supplied from the varying input voltage. In 
that case, no additional change in output voltage will be necessary to provide 


* Tt is necessary to mention here certain important prec autions. When voltage elianges oh 
tlic order of millivolts are encountered, it was found absolutely necessary to use fixed resis- 
tanoe.s, preferably the wire-wound type for Ki aud R2- Otherwise the spontaneous changes of 
voltage resulting from the fluctuations of the variable resistance completely swamp the changes 
which are to be measured. Further it may also he necessary to supply the heater voltage of 
from batteries. With two 6SJ7 tubes for and T2, it wa.s found necessary to short-circuit 
the resistance Rj, to use a heater battery and further to take the readings very fjuickly in ordor 
to }j[et a proper measure CJf the stabilization. The stabilization factor « f the circuit was of the 
Older of a million. 
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extra control and in this sense the circuit may he said to give perfect stabiliza- 
tion. A circuit embodying this principle is shown in fig. 9- 



Imc. g 

K ,'iiTnit caiiiiMc of •' perk'd ” slakiliwition 



Ino. K) 

IVifonnaiu'c of (lie drciiit of g i-otupai'td with that of a .straigkl- 
forward tAVo-valvo circuii 


The improvement in performance over the usual circuit will be evident from 
(he curves in fig. lo. It will be seen that the stabilization characteristic of the 
single-battery two-tube circuit of this type is comparable to that of two-battery 
ciicuils shown ill fig. 7- Circuits of this type are therefore strongly recom- 
mended for all classes of voltage stabilizer work. 

(h) A .i/ahi/ii.'cr /or /lig/i cuiicnls. A stabilized supjily capable of giving 
currents much higher than can be carried by the tube or tubes in the position 
'I' is sometimes necessary. A circuit has been developed from the usual two-tube 
circuit for this purpose. 'I'he most useful form is shown in fig. 1 1 - 
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A "^hihilf/cr ciicuil snllaljJc for cnrrcMit draiiis. 



Fig. 12 

4 Stabilization tliaiacicrislirs uf a hij^h current slubilizer. 'rjit* curves are for a circuit 
using a 2,s ^ ^ "I'l 6SJ7 for T2 delivering an cmtpiit current f»f 

150 inillianips, and r<2 were both equal to 50, (^oo H 
and R4 ^^'as adjusted for perfet stabilization. 

From the curves in fig. 12 it will be evident that stabilization occurs only 
over a range of input voltage, that from Vi to V;,. This is because the tubes 
Ti and Tg operate only over this range. At the high voltage end V,,, the whole 
of the current lo that the stablizer has to supply flows through R, so that the 
tube I'l is biased lo the non-conducting condition. Hence we have the relation 
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At the low voltage end V / , the grid bias of tube T i approaches the zero value 
and cannot change any further, due to the fact that the current through Tg is 
zero. In case Rc is connected to the anode of Ti as shown dotted in Fig. ii, 
the grid of 'I'l goes positive only by the amount that is necessary for it to draw 
the whole of current that conies through Rf, leaving nothing for Tg- If the 
current through 'I'l at this iioint be Im. then we have 

••• 

'ri)c two equations (io<<) and (io6) locale the j>C)ints V;, and V;. 

Su 1 )tractinj^ equation {mb) fioin equation (lof/) and siinjilifyiiiiJ,, wc ^^et 

... (ii) 

If the mean value of the supply volta.ee lie V’, and if R, be adjusted sucli 
that it falls at tlie middle point of the lioiiz(mlal part of the stabilizaticji charac- 
teristic, then we can also write 

V ^ ^ V' ^ T 

1 , r „ . 

R , 

Conjl)ininj^ with c(iualion (ii) and putting ' -R- the range of stabiliza- 

V J, 

tiou, we get finally 

1 W* "V t V rt t 

_ /, ■ "v • ... (12) 

r <j 1 f/i / -4 \ s 


It will be seen that the range increases as the ratio 


increases. 


value of 



cannot exceed luiity and should iJcferably be not lower than 


half. 1'he heater supply of 0.3 ampere tubes may be stalnlized over a range of 
1 2% (±6%) using a 23C6 ("i tube for T) . 'Phis is somewhat small compared to 
that of a commercial '‘stabilizing transformer'’ which has a range of about 
±15%, However, the stabilizer described here has the advantage of giving niiich^ 
better stabilization than any stabilizing transfoniier. Also if a wider range is 
necessary, one may use two 2SC6(1 tubes iu parallel for T]. 


(r) A circuit huvinii ucgatiTc ijilctnai rv.sislancc. Stabilizer circuits so far 


described'^ all have positive internal resistance, /.c., the voltage at their output 
terminals decreased with increase in current drain. But in various applications 
it is highly desirable to have a voltage source capable of maintaining a constant 
voltage across its tenniiiuls even under varying current drains, bt;., a source 
having zero internal resistance. It may even be desirable to have a source 
whose terminal voltage should increase with increase in Ounent drain, in order 
that this increase may compensate for the increased voltage drop across some 


Vov flisvussiuii and rcU-reiia* sec Slivhcc and Cultuic, 6^ s.s.: ( 
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other circuit eleuienl through which the cuiTeut may be flowing. lu such cases, 
a voltage source with negative internal resistance is required. 


-o 

Fic. 13 

'lypionl sinl)ili/er circuit liaviiijiy negative iTitt rnnl n‘sislaji('c. 



'rile res^istance between the ealhode of I'o and tlie negative line in 
Fig. brings about this property in two-valve voltage stabilizer circuits* 
A simple analysis giv’es the internal resistance Rq defined by the relation 


1\0 



as, 


Rr 


^ -U. f ^ 

C.Al. -'[h 


apjno.viniately, ... (13) 


where f'> is the mutual coiiductanc'c of the tnl>e 'J'l, A. the amplification given 


by T.^ and 




R‘2 

RiH-Ro 



Fig 14 

Current voltage curves of t}ie eirrin'l of Fig. 13 using 2sC6G and 6Q7 tubes for I'l <1 'l'^ 
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It will be seen lliat by a suila?jlc choice of the value of one can make the 
interual resistance zero or nejjiiitivc. A nei^ative value of several hundred ohms is 
not dilTicull to attain. 

I'he stabilization factor of the circuit remains practically unaffected by the 
inclusion of Rn and is apinoxiniately given by 

where // is the ampliiicalion factor of the tube Tj. 

A number of voltage current cuives using two Iriodes for Ti and "i'g in the 
circuit of fig. 13 is shown in fig. 14. 

A voltage stabiliy.cr w ith zcio or negative internal resistance has great possibi- 
lities as a bias supply system of high j>ovver class B audio amplifiers. The grid 
current which flows in these systems when the grid swing is positive increases the 
negative bias. This increase of ncgalive grid bias with the grid swing increases 
the distortion in the audio outi)Ut. As a result the bias su]4>ly system has to be 
so designed that they present a very low internal resistance in order that the rise 
in the negative bias may be very small. vSucli a design is expensive. The prob- 
lem can belter be solved nsing a voltage sla1)ilizcr with zero inlenial resistance. 
It may be sutml by an ordinarily designed transfoimcr-rectifier-filter sjslcm. 
'riic- stabilizer will also smooth out the residual iip]>le in the bias voltage to a very 
low value. 

The average anode current of a class B audio amplifier increases with the grid 
swing. M'his reduces the ]).C. anode voltage and brings about further distortion 
in the audio output, 'riiis distortion due to anode ciicuit regulation can be mini- 
mized'by making the giid bias diminish as the average anode current increases. 
It has been observed l)y Rockwell and Walts*’ that the di.stortion is also prevented 



Kio. T5 

Current- voltage cliaracterislit .s of the l ircuit proposed for use as a bias 
supply system ni clas.s ti amplifiers 
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in a great measure if the grid bias is made to diminish with Ihe grid current 
instead of the anode current. A voltage stabilizer having negative internal 
resistance, such as that sliown in fig. 13 may he expected to i)erforiii this func- 
tion. The circuit, however, has got to be modified by the inclusion of a bleeder 
resistance R(, across Ki and or across the output terminals. For as the current 
lhal is forced into the system exceeds the value 


the current 1 1 through the Uihe 'I'l becomes equal to zero and the circuit ceases 
to function as * (.i ' and ' (t ' both are zero in this condition. It is evident that 
the internal resistance in this condition, of the two circuits, becomes equal to 
(R/, +R-) and R/, respectively. (vSee eq. 20.) For bias supply .systems of class 
B amplifiers, must exceed the maximum grid current 

U ^ T, (15) 

and the lube or tubes for 'I'l should be chosen keeping this in mind. The bias 
\'oltage being known R/, should be calculated from (i^) and (15). 

(d) Malhi'inaliCiil lliroiy oj ihe hieo-rahc siabilizers. The mathematical 
theory of the most genera] form of two-valve stabilizer circuit as shown in 
Fig. 16 is worked out below. 



lllnstrnting the gcncrnl f(>rni two-viilve siabilizer cirrnil 

The stabilizaiion jaclor ”S”. L,et llie input voltage Vj change by an 
amount and let tlie resulting change in output voltage be 8V„. Let 

V,/, the voltage across U(,, change by an amount fiV Then we can write for 
the grid voltage of Tg 

.Sva = h{8V„' + p(SV,-«V„')>-K38T« 


t.i tlip output voUagp uhpti tlic (wront /orml into the wyst.-ni ih ecinal to T,„. 
3— 1423P— 2 
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where b- and — -^5 — ; ^lo the change in current through Ri. is 

Ki +R8 K4H- K5 

equal to . Hence Sx'g = b |sVo|i -p~ j +/>8V. j. 


The change in grid voltage of T, is, therefore, 


8 vi = -gR,. 


R3 / b 

j — /> — - 




R,+R, 


= -A-'«V<,'-F8V< 


where 

and 




Rr 

R ,• + R 1 


8V,/ 


... (17) 


k"=f:RA>f>. 

The oliaiige in total current, since the change through R, is equal to 

J (8V,-8Vo'), 

K 9 

81- -(.■l/c'SV,/- (U'"«V, t ^,7 I ^ 8V,~..8V,/| 

'I'his produces a f'liange of voltage Wo' across whicli may be written as 

81 

" (R^ + R,-t-R,' 


R/,(R,. + R;h) 

I R 6 t R I. I R 3 ) 


- G />'8V'o - C.k"B \ , I <7 + ' 8Y ■ - 8V'o 

\ R > /V 


whence 


8 V,_. 

8 V'„ 


RjR,,i-R:,) 
R(, + R 1,4 R.j 

Rj,{R,, 4 R,s) 
R(, +Ri 4 R , 


('.// ! a I 


R , 


«4 -Ok" 

R.s 


Also 


Vq R3IQ7 


so that 8 Vo = 8V\,-r,SIq, = sy,,'. 


_R,. 
R 1 , 4 R 


Tlierefore the stabilization ratio vS„«is equal to 


R 6 (R., 4 R 8 ) 

SV(^ Ka+Ri. + R 3 

R 7 ,(R. 4 R 8 ) 

R 4 R , 4 R 3 


C.k' + a+ - 

R. 


<7 + -~- -GF 

Ri 


RtL + R3 


(18) 
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The value of for perfect stabilization may thus be found. The stabilization 
ratio approaches infinity when 


a+j/R.->Gfc" Gk'p or r/p-> ^ -j. ( ) 

+ 1 /R j 

G/e' + a + i/Ry .. i . 

t/Rj, ^ iioatly equal to the stabilization factor when R4 and 


K;i arc zero. This may be found out experimentally when equation (19) will 
give the value of p. 


Inlcrnal Rcsislanrc Ro- When a current ?! I,, is drawn, let the change in 
oulput voltage be Wu and Ihc cliaugc in voltage across Ki be iiVo'. Then we 
have, for the change in grid voltage of Ta, 

fix-a - b{RVo' - pSVo'} - R 5 «I„ . 

'Die change in grid voltage of '1', is, therefore, 

^r, = -gR,[h(i-,,)?5Vo'~R;,i^Io]- . 5V,/ 

R r H R fi 

- --A[b(i-p) 8 Vo'-R 3 «Io] 
neglecting • ^Vq' and putting g R^ = A. 

'file change in anode cunent of 'I'l is therefore cental to 

^la = — AG[h(i ~p)8Vo'~Ka8l„J —«SV(/. 


’’ f 

'I'he change in cunent through R, is equal to - . 'fhe change 


in current 


St 7 / 

Uirough R,, is equal to ' . Hence the change in output current 

t</, 


or 


8lo=- 

8Vo'=- 


AGMi-p) + a+ i 

At s 

[1-AGR3] 


T 

Rfr 


Now 


AGh(i-p) + (a+ J- +- 4 -~) 
y R, RbJ 

«Vo= SVo'-RgSlo 


8 Vo' + AGR.,8Io 

• «Io 


(iYo 


Lin 

1,810 J 


AGb(i-p) + /^ 


R« R* 


Hence 


R.i (20I 
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(v) (ioicral ( onsidcraliou on lltc design of hvo-vidve Siahilizcis. It is 
possible to obtaii] zero internal resistance and infinite stabilization ratio by 
using any combination of lnl)es for T) and "1 2 ii^ circuit of big. 16. These 
conditions will, liow^cvcr, be satisfied only over a narrow range of input voltages 
unless the lubes are ].)ropcrly selected and operated. The performance of the 
stal)iii/ei' under actual operating conditions is better described by the stabilization 
and cun eiit-voltage charactei islics rather lliati by the stabilization ratio and 
internal resistance at certain i)oints. 

(lood stabilization and current-voltage characteristics can be secured only if 
these cinuacteristics are inherently good, /.c., if the characteristics without and 
R;-{ are linear and have a small slope. The function of and R;i is only to 
change the slope of the curves so as to make them horizontal. If the slope is not 
.small so that the correction required is large and if the curve is not linear initially, 
IIjc final characteristic, although it may be made horizontal at certain points, 
w'ill not be S(; over a wide range. 

'riic inherent characteristics will be good if the lubes Tj and T^ are so 
Selected and operated that the quantity (TA. b is large and has as constant a 
value as possible over the whole range of plate currents -of the tube Ti . 
b-R^/iRi > Ro) has a constant value which cannot exceed unity, it is also 
usually limited to a small fraction inasmuch as it is also equal to Vc/ Vo and 
the battery voltage V,. cannot conveniently and economically have a value much 
greater than rcjo volts. The tube 'l\ should be selected as one having a high, 
and as far as possible a constant, value of the mutual conductance (1. Beam tubes, 
because of their uniform electrode structure and high mutual conductance are 
most suited for this purj)Ose. 'bhese may be used with the screen grid connected 
to the anode so as to make them virtually a trioue. The lube T2 should be a 
shiu'iJ-cut“OtT pentode. A sharp‘Cut-ofl pentode gives much greater amplification 
than any triode or pentode of the rcinote-cut-ofl type. The amplification *A ' 
however decreases as the voltage drop across Rr, /-e., the grid bias of T], dimi- 
nishes But the mutual conductance (r of the tube Ti increases as the plate 
cun cut increases due to the Tediiction of the grid bias. As a result of this, the 
product (lA tends to be more constant over a range of plate currents of the 
lubel'i. This makes tlie current -voltage characteristic of stabilizers of both 
types and the stabilization characteristic of the high current stabilizer more linear 
than is otherwise possible. 

The tube T2 should be operated with a low screen voltage, * of the order of 
jo-^jo volts, and a high value of the coupling resister Re- This enables it to 
give a greater and more constant amplification. 

^ Witlj a 8tabili/er 25(^60 aiuJ (ivSJ; iwlits foi 1 ] and rtspeclively a screen voltage 

f)f 4.5 volts gave the best stabihVatinn curve. I'lie stabilization characteristic deteriorated 
rapidly below this opiinunn and rdatTvely slowly above this. 
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Although Rr foriiisi in effect the grid leak of the luhe T|, its value need not 
\k limited to the usual lMt 2 or recoiiiiiicenclcd by tube manufacturers and 

may with advantage be coOvSiderably exceeded. Any tendency towards the 
diminution of grid voltage due to collection of positive ions, etc., by the grid and 
the resulting increase in anode current, increases the output voltage, a fraction 
of which is applied to the grid of T2* The anode current of T 2 rises in con- 
sequence and lakes away the major part of the positive ion cm rent. As a result 
of this self-adjusting action a much higher value than is reconinicnded by tube 
nmkers may be tolerated for R,. . Higher values of R^ are advantageous in that 
liicy ci able the tube T2 to give a greater amplification. 

The battery voltage V r and so the value of “ 6 *’ should be as large as is 
cctmomieally and convenieutly possible. This not only gives a better inherent 
staldlization and current-voltage characteristic but also makes the output voltage 
less dependent on the filament voltage of T2. 


. 1 . KFPIDCT OF SOTJRCK RESIST A NCK IN MODIFYING 
'J* 11 H V i: R V O R M A N C E O F A VOL T A G E S T A lU L 1 3^^ E R 

f(T) Nalufc of Ihc pioblcni- The performance of voltage stabilizers is 
modified if the primary source lias appreciable internal lebistancc. This efitet has 
iKeii studied by Hunt and Hickman.' We are presenting here a more general 
analysis which is also more simple and straightforward. 


/, - 


A. - 


■ { "n. 

I 1 

VOl tAGf 


V, 



i 1 

So, f^m n ^0 » 

i ! 





Fig, 17 

E(jiiivaleiit Orciiil of Ihc .stabilizer togelhei with the primary source 


The overall stabilization ratio S and internal resistance R of the stabilizer 
system, when the primary soiiicc has an internal resistance R, , may be defined as 




iiVr 

dVo 


and 


O lo 


whereas the eorrespoiidiiig ratios for the voltage stabilizer alone arc 


(21) 

(22) 


and 


So*= 


d\i 

dVo 



(23) 

(24) 


r, denoting the e in.f. of the source. 
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Our problem is to express the values of S and R in terms of the constants of 
the voltage stabilizer, the source resistance R, and the load resistance R?. 

(b) (hu'hill SlabHizalion Rolio. We have the overall stabilization ratio 




(iV.. 


dVo ’ 

which may be written with the help of eijuation as 


dV, 

(IV, 


}. S„. 
V,-=--V, I R,I, 


... ks) 

... (2')) 


Now we have, 

where 1 ,■ is the current taken in l)y the voltage stabilizer. 'I'his can be written 
as 


I ( — 1 0 + K 1 V , + K 2 V() , 


(^ 7 ) 


W'here K] and Ko ine the leakage conductances present across the input and 
output terminals of the voltage stabilizer. 

Hence, substituting in (2(>) we get alter simpliliealion 

R, 


V, - V,(H- U, K,)- 


Ri, 


t R,K.2 V 


, t-Rrl'l * 

' (JV , 


whence 

Substituting this in (25), we get 


K. 


R, 


S=- SnU ^ R I Ri ) + p' + R, Ra. 


2S) 


(20) 


'J'his gives the <.)\ Cl all stabilization factor “ S ” in tci ms ol the constants of the 
stabilizer vSo, Ki, K-j, the source resistance R, and the load resistance Rr, . 

((•) OvcTdIi JnU nnil Raialiiiic,- When an excess current Sl„ is drawn, 
the change in output voltage SV,, may be written as 


SV„^ 


av, 

91 ., /v 




av„ 

av< 


«v, 


av 

ai 


" /V, 


J 9 V„ 

V 81; 


6V„ 


Ho 


6 V i 


L\ 

We arc to find the value of ^ ^ . For this we note 


... (30) 


dV„_( 9 V„ 

dVi \ 9V< 




6 V„ 

aio 



ai„ 

avt 
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wlieucc" 


(dvA ^fdvA 
[dV.J 


9 V, \ /bT„\_ , i+R„/Ri, 

ai„ 4 ;vrfv. / ” s„ 


(31) 


The change in voltage SV<, Vr remaining constant due to a change of onti)Ut 
current Sl„ may be obtained as follows : 


We have, 


SV* = -R, M,- 


Now 


whence 


and 


1 , + V; + V 


= 1„ + K,(V,.-R,I,)H-K.T„Ri, , 


ai.\ ^ T+K 3 R 1 , 
' M K.R, 


9V, ] dv, \(Qh\ 1 + K 2 R,, 

ai., \ 01. '• i-ikj"K', 


i.u) 


v'^iibstilnting f.ti) and (.12) in (30) the overall internal resistance comes out as 

r=-( 9v. . + k ; «, 

\ 0 IO (T+k|R,0 


It will 1 )L^ observed from equations (:jS) and (7^^) tliat the source resistance 
har> only very slight effect on tlie performance of stalnli/.ers having liigli staliiliza- 
lion ratios. 


C ( ) N 0 I, U S i ( ) N 

In the single-valve circuit descrilied by Neher and Pickering, the screen grid 
may be eon veil ieiitly supplied from a potential divider across the input lenninals 
inslLad of from the usual dry battery. The fluctuations of the screen voltage with 
the input voltage may then be gieatly reduced because the screen grid current 
fluctuates with the input voltage and this produces a voltage fluctuation in the 
oi)posilc sense. Further, the performance is considerably improved if the screen 
grid potential fluctuates in a prescribed manner. In fact, the performance is 
))elter than that of a circuit using a dry battery for the screen supifly. 

It is possible to eliminate two of the four dry batteries in the two-valve circuit 
described by Neher and Pickering by an imi)roved method of connection, 
whereby each battery is made to perform the function of tw'O batteries simul- 
taneously. 

I'he two-valve degenerative amplifier type of stabilizer can be made to ^ive 
‘'perfect" stabilization and zero " or negative internal resistance. This is 
achieved by applying to the grid of the amplifier tube, over and above the usual 
»-orilrol derived solely from the output voltage, small voltages which are propor- 
tional to tlie input voltage as also to the output current. The performance of the 
resulting circuits is superior in ahnost every respect to other types of stabilizer 
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circuits. Such a circuit, with negative internal resistance is very useful in 
reducing distortion of class B power amplifiers* 

The high current stabilizer which has been developed from the two-valve 
stabilizer circuit gives better stabilization than any stabilizing transformer or 
Ijaretter ' tube and may be used for supplying the heaters of thermionic tubes 
employed in sensitive valve voUmeters. 

A 0 K N () W L n I) 0 M P N T S 
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OVERALL VOLTAGE GAIN OF LOW FREQUENCY 
AMPLIFIERS WITH NEGATIVE RESISTANCE* 


By a. S. RAO. M.Sc. 


iRcccivcd for publication, J^fovcnibcr /, ly./i) 


ABSTRACT. A dotniled study of (he low-frecjuency will pi i furs has been made to iuvestigate 
tlir loss of amplified voltage while it is traiisicrred from one stage to the olhei\ An equivalent 
ntruit of a resistauce-capacity-coupUd amplifier has been analysed and it is found that the 
loss of vrdtage will be uiininmni with a negative I'rid revsistann* the value of which depends 
on the eirniit edements. It is also pointed out that the maximnni value of the gain increases 
fell high values of the coupling condeiLser. 'I'hc above conclusions arc verified by using the 
negiitive resistance of a dynairoii valve in llio grid circuit of the valve in the second stage of 
the amplifier, 


1 N T R 0 D U C d' T O N 

The overall voltage gaiu of a low-frequency valve amplifier of more than 
one stage is generally found to be sensibly less than that calculated theoretically 
from the constants of the valves used .and the circuit components connected with 
them. This disagreement has often been attributed partly to the stray and fixed 
caj)acities and inductances involved in the circuit, and partly to the beliaviour 
of the valve under the circumstances. ' ^ 

In the i^rcscnt communication a detailed study has been made of Idw- 
frequcncy amplifiers investigating the cause of the loss of amplified voltage when 
the energy is transferred from one valve to the next following it, A preliminary 
note on this has already been published.* A tw'o-stagc low-lrequeucy resistauce- 
capacity-coupled amplifier was employed for the present investigation and it has 
Iieen found after analysis of such circuit that the primary seat of attenuation of 
voltage transferred from one stage to the other lies in the intervalve coupling 
oimiponcnts. Out of all the components the grid resistan’ce of the second valve 
only can be varied at w'ill for compensating the loss of voltage incurred without 
causing any serious alteration in the circuit or valve parameters. The inininium 
loss of voltage is, however, obtained only by a negative resistance in the grid 
circuit of the second valve, the exact value of which has been calculated niathenia- 
tically as shown subsequently. The condition of miniumin loss has been verifi^ 
experimentally I)y applying a negative re.sistance with a dyuatron valve along 

Communicated by the Indian Phy.^ical .Society. 
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with a fixed positive resistance in parallel with it in the grid circuit of the second 
valve. The resistance of the dynatron was varied from positive to negative 
values by changing the grid and plate potentials applied, and the gradual 
change of the overall amplification passing through the maximum value has 
been recorded. 

T r-r.u O R Y 

The equivalent circuit (liagram of a resistance-capacity-coupled low-frequency 
amplifier is shown in llg. I . Rj represents the plate resistance of the first valve 



Fig. I 


and Ra represents the grid resistance of the .second valve. C'l and Cy are the 
inter-clectrode capacities of the valves. C2 is the coupling condenser, p* 
represents the internal resistance of the first value Vi- Let ij, 12, iy and be 
the currents flowing through different branches of the circuit and / the total 
current as shown in fig- i . 


If w he the angular frequency of the iiqmt e.m.f., the 
;(juations can he obtained from fig. i. 

following circuit 

/ — -1 /g + ?3 1 1^ 

(i) 


... (2) 


( 3 ) 


... ( 4 ) 

Ri /'a = + Rgi's . 

jrt'Lg 

... (5) 


If the value of tg obtained from equation (5) be substituted in equation (3) 
MJd 14 be expressed in terras of 13, we will get 


c 

<1= ™ (‘3 + iwC3Rai3) + i*^CiR8i3. 


( 6 ) 
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From equations (i) and (2) we get after some simplifications 

^=/>| ('3+/«'C3Ra‘a) + JwC,Rji3| 
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P J .i_ 
Ri i“'C2 


+ .5 •( r-:^- («8+>wC;,R2f3) + R8i;, 


+ ^i:, + rct-C3/*R2/:,+ (':i +yM’C:;R2'3) + Ra'a- ... (?) 

rd’L-z 


Taking the output voltage 1( to be equal to R.2':; and eliminating tlie 
cmients we can rewrite the above e(iuation (7) as 


/xf„ = R 


i I j. - P^JL + ,.P + -P + ^ i 


n l ■ -f. - - -j- “f -r — r 

l^iC-2 1^1 ^2 I 

.) WpC^ __J» i 


+ y +«TCi- 

I '-2 


JfCaRiRa wCaRsj J’ 


From equation (8) the absolute value of E will be given by 




IK ! - 




( 8 ) 


(9) 


where 


C2 Ri R1C2 


B= +P 
'-2 


C= +7*iCi/>-t ri'CrtP 

C2 


U'RiC2 WC2 

It may be pointed out that in order to obtain the uiaximum value of K, 
the voltage developed across the grid and the filament of the second valve, the 
plate resistance Ri cannot be changed to a large extent as it will alter the 
working conditions of the valve. The loss of transferred voltage decreases with 
the increase of the capacity of the coupling condenser C2 and it will he minimum 
when the capacity readies infinity. But this is not practicable as it will make 
the grid of the second valve highly positive and the valve will cease to function. 
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Therefore iu order to get the maximum value of ] K I we diSercntiate the 
cquatiou (q) with respect to grid resistance Rg and get 


diE l __ 


= A + B/Ra + C-D/Rg 






(lo) 


t Z j j * 

liqualiiiy tlic expression for ^ ^ ' to mo, wc the condition for niaxi- 

u 1\ 2 

mum or miniiuum value of transferred voltage given I)y 

_ B® I 1)2 
^^*“DC-AB 

2 

, , 2p^Ci , p2 j 2p 


2 P-C-I p- J 2 p 

' / > » !> ») r ^ 3 u . ■/ 


Differentiating 1 li 1 once more with respect to R 2 we have 

fl2 I F I 1/ V / \jt}-5l2 

dR?' '-B/Raj 1 (^C-D/Ra ) J 

-(% - < " rT )j^-I>/R=.^.(A. B/R.,=j|. (:„ 

Substituting, the value of R 2 from equation (i i) in the above equation and 
simplifying, we get 

,|2 I 1,' I ( / Ns / \'i)~ 3/- 


-^~= -pc„-j^A-l B/Raj +(C-1)/Ra 


-n— ^ (2 AB^CD + A^B*!)'* + 2ABCD" 

r’(B2 + D') 

+ A*D^+B<C» + B®C2d2). ... (13) 

I E I , 

Rrom the aboxe equation it will he observed that the value of _ v is 
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negative- Thus the expression for Ro given in equation (ii) corresponds to the 
niuxinuim value of the transferred voltage. 

From equation (ii) it will be observed that the resistance required for 
inininniin loss of voltage will be always negative and the magnitude of this will 
depejid on the constants of the valve used and the values of other associated 
ccaiipoiients. This condition for maximum tiansfer of voltage has been verified 
by applying the negative resistance of a dy natron valve between the grid and 
the filament circuit of the second valve of the amplifier as showJi in the next 

SLClion. 

Two typical curves have been drawn in fig. to indicate lie vanation of 
the voltage gain in decibels when the grid resistance is altered from positive to 
negative values. The voltage gain is calculated from equation (q|. CuiveA 
in lig. has been drawn for high value of coupling condensers and B for low 
value of the same. From these curves it will be observed that the magnitude 
of the negative resistance for niaxiinuin transfer of voltage decreases as the 
capacity of the coupling condenser is increased. It will finally reach a limit of 
about io,ofHJ ohms with very large value of coupling condensers. It will be 
further observed that the niaxiiiium value of the voltage gain increases very 
rapidly as the capacity of the coupling condenser is increased. This is shown by 
llic peak of the curve A at P. It may he noted that under suitable ciicumsiances 
voltage gain with negative resistance may be substantially higher than that wdth 
positive resistance. The portions of the curves for negative voltage gain have 
not been shown in fig. 2, but they can be easily computed from equation (11). 
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Exp erirncniul Arrangcvienl and Observations 

The connections were made as shown in llg. 3 above. Vj and Vg represent 
the two valves of different stages of the amplifier. Other notations for different 
components are retained the same as in fig. i. The overall amplification is 
obtained by measuring the amplified voltage K across the grid of the second valve 
by a therniionic voltmeter. A small input voltage was applied between the grid 
and the filament of the first valve from an audio-frequency valve oscillator 



llirougli an attenuator. Different values of positive and negative resistances 
were applied in the grid circuit by a dynatron valve V;; of internal resistance ti 
along with two other resistances 10 and Thus the combination of ri, and 

73 is equivalent to R2 in fig- values of the positive and negative 

resistances of the valve were obtained from its characteristics drawn under 
similar conditions. 

Table 1 below gives the observed and calculated values of |E| / c,/ for different 
negative grid leak resistances Ka of the second valve, with the following circuit 
constants : 

3,25,000 ohms, 

C2= 002 microfarad, 

=E Cji = 10 micro-microfarads, 

Uj = 2,50,000 ohms, 

Ka for mmimum loss of voltage= - 1.S7 x lu'' ohms. 
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Tabi,e 1 


Nt', native p:rifl leak resistanre 
(Rj) in ohms j 

Voltage gain (calculated) 
in decibels 

Voltage gain (observed^ 
in decibels 

7-1 

22-5 

21.7 

6.0 

22.8 

22.1 



j 1 

4.1 

23-6 

23-5 

3-5 

24 vS 

1 

24.7 


-\S-J 

23.3 

2.8 

25.4 

25.6 

2.1 

26.5 

26. J 


26.6 

26.4 

1 

1*5 

24-6 

26. (i 

t>-5 

8.9 

j 


Fig. 4 is drawn to show tlie variation of voltage gain with negative values 



of Rg. The continuous curve is drawn from the theoretically calculated values 
and dotted one from experimentally observed values. 


SUMMARY 

Analysis of the circuit of a low-frequency res^istance-capacity-coupled 
amplifier Jias shown' that the loss of voltage incurred in transferring the energy from 
one stage to the other is minimfim with negative resistance in the grid circuit 
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the second stage of the aiupUficr. The value of the negative lesistance lequiicd 
for ininiinuni loss has been calculated theoretically from the equations derived 
for tlie pur|)ose and it has l)eeij experimentally verified by inserting a dynatron 
v'^alve in the grid circuit. It has been shown that the inaxiinuin voltage gain with 
negative resistance is always higher than the gain with positive resistance. 


A cKNow lp:do Mr: NT 

In conclusion, I exprcvss my deep sense of gratitude to Dr, S. S. Banerjec 
for suggesting the problem and constant help during the progress of the above 
work. 

Skc'Tion, 

PavSlCfi IjAbOlUTOIlY, 

pKNAliry Hindu tlNiVKnHjTW 
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* F. W. Schor, Proc, Just, Rad. E}i,q., 20 , Hy 
1). O. C. buck, Pioc. Rad. 20 . 1401 
\V. l‘\ Curtis, Proc. Insl. Rad Rnfi., 24 , 1230(1936). 

4 S .S. Rfinerjee and E. vS. Kao, .S*< ience and Culture, 6, 070 ligp). 
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FLUID FLOW THROUGH POROUS MEDIA 


1‘ART I. ON Till-; rsi-: of gasfs f’or tiif; in? TRiiK 

I’HRMHABILITY * 


By N. C. SENGl'PI’A 

AND 

MG. THFJN NYLJN 

fof lufbliiati(ni, Noveinht^t ,/, 

ABSTRACT. The rale of Ilcnv of hyclroi^en and oxyjjen at vanon.*'' pn-s.siiri* grndicrit.s 
I twr» eort's, one of high pcrnu abilits the oilier of low penncabilityj was studicl. I he 

pt 1 nieabillly ealetilnted from Ibe data for the eon* of lower permeability was inr>re or le.s.s 
eonslanl up t(i the highest pre.s.snre gradient studied, nanielv, o atm./em with hydrogen 
u. 13 atm. /em. with oxygen. With lla- other eore the pernieabililv appeared to deerease 
with inei't-a.'^e in the pressure eiadient. This deerease could not be accounted lor by a 
till biiletiee elfcd since tlu' Rev Holds number was in all ca.ses I'oii.siderably lielow unity I'or 
both ('ores ])erineabiliti(‘S calculaled using data fioni the rate of flow of oxygen were les.s than 
those obtained from similar calculations with liydrogeti. This appeared to be due to slii> 

< Iteci ami the true pennealrilities obtained after correction for slip were less than the ubserveil 
])ennen))ilities obtained by direct nicasiuement with gases. 

1 NTR ODIICTTON 

The penncal'iility of a porous iiiecliuin has Ik'uii defined as the rale of flow 
tlirough unit cross-section of the niediuin of a fluid of unit viscosity under unit 
pressure gradient. When the rate of flow is measured in c.c. jier second, the 
cioss-sectioii in sq. cm., the viscosity in cenlipoise and the prc.ssure gradient 
in atm. /cm., tlic unit of permeabiHly is called a durcy.^ A knowledge of the 
permeability has many applications especially in the production of oil and gas 
fiom underground reservoirs. 

Both liquids and gaSes have been used for permeability measurements,^ 
but gases ofl'er certain advantages over liquids, l.’iilike liquids they do not 
produce any swelling of the inedinni and a measurable flow' with gases is 
obtained at a moderate pressure gradient so that the experimental technique 
becomes simple especially with media of low* permeabilities. The main objection 
against the use of a gas is that its volume changes with pressure and the change 
imder certain conditions becomes adiabatic. Again, gai-ts like carbon dioxide 
do not even approximately obey Boyle’s law at ordinary temperatures. 

The following relation connecting the permeability, Krt, with the rate of 
How and the pressure gradient can be obtained assuming that the gas obeys 

* Coniniuijicated by tlie Indian Physirol Soci'ctj’. 
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Boyle's law, that the flow is isothermal and that turbulence, kinetic energy and 
slip effects are absent. 




(r) 


where V " is the volume of gas flowing per unit time at atmospheric pressure p, 
p2 is the pressure f>f the entering and Pi that of the issuing gas, // is the 
viscosity of tiu* gas at tlie temperature of measurement, k is the thickness and A 
is the er(»ss-seclioii of the cylindrical core. When p\ - p^^ e(iuiitioii (i) reduces to 


,, ^ V.p.n.L ( ) 

" A/.(/M-iA/.)A 

wheie A/> equals 

The ])enneahility of any porous medium calculated by the above equation 
shotikl l)e indei)endent of the iialurc (»f the gas or of the magnitude of A/) within 
a certain range. It has, liovvever, been ol)servcd in this laboratory that the 
tJieasurcd i’>ernieabilities of consolidated sand samples depend on the gas used 
and with the same gas a decrease with increasing pressure gradient, even when 
the latter is very small, has been noted. 

The purpose of the present paper is to discuss the possibility of calculating 
from j)ernicability measurements a true i)eriucabilily which would be indci>endeiil 
of tlie gas used and from which the rate of flow of li(|uids under specific condi-'' 
lions could be found. 

V X P K R t M K N T A L 

The apiiaratus used for permcal>ility measurements is shown in Figauv j. 



The pressure was regulated by means of a needle valve and could be kept 
constant within 0.5 ni.m. of mercury. The core holder and the empty Ixjttle 
v^'ere both immersed in water baths. When the rate of flow \^as small a gas 
burette was used instead of the gas meter. 

^ In the cxpcriineiifs dc'ficTibe<1 helow the pressure the is.suing gas wa.s atniospherir- 
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Cuics as received from the field in sealed tins were iirei)arc(l for permeability 
nieasuremeiits as follows : 

A cylindrical piece was cut aloiij^ a line parallel lo the bedding plane in 
.1 suitable eorc-ciitliiig machine. This core was Iheii cxlraclcd with light spirits 
to remove oil and dried in an air-oven. When dried it was vShapod as necessary 
^\ith a carborundum wheel, placed in the core holder (see Fig. r) and sealed 
(jji llie sides with a special cement. 

Particle size distribution curves for the two cores used in the i)rcsenl experi- 
ments v\ ere obtained by breaking down specimens of the cores under petrol, 
drying the grains in an air-oven and making triplicate jiins in the Pnri 
Siltometer.'' 

'J'hc porosities of the samples were found using the method of Mclcher and 
Nutting.^ 


R u S n h T AND 1) I S C K S vS T O N 
'riic i>article size distribution curves for the tw^o cores are shown in J'hgiire 2. 



D/AMer£R OF THC PARTfCL£5{^ ) 

Fig. 2 

Core No. i was of low permeability and the other core was highly peimealilc. 
Average particle radius, r, of the sand grains has been calculated from the 
particle size distribution curve, using the formula : — 

{/ J00__ 

^ SPjr, 

where P., is the percentage in volume of particles having radius 1 

The porosities and . the average particle radii of the two cores are given 
in Table I. 
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'I'M’-Mv I 

C»>re No 

I’niDsitv ( %) 

> lu rni. 
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'■S ,s 
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It will Ik; seen tliai the erne uliirli lias the lii^'lier value for the average 
rntlitis has also the liigher porosity, la the course of this investigation some 
interesting relations ])ctween average radius, i)orosity and permeability of cores 
were observed. These will be described in a future coninmnicatioii. 

Results of pel lueabilily nieastireiiients are given in Tables Il-V, 
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Tajilk V 
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It is evident from tlie al)Ove Tables that i)ciineability decreases with increase 
in the pressure [gradient, especially in the case of core No. 2. In Pigiires ^ and 
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ihe velocities, V.plA{p + i^p), have been plotted against the corresponding 
uressnrc gradients Ap/L,. 



Fir.. 1 


'J'lie curves obtained with core No. x (Figure 3) are more or less straight 
lines within the range of experiincutal error while the curves obtained with core 
No. j (Figure .1) are concave to the pressure gradient axis. Muscat " has assumed 
that any deviation of the curve from linearity is due to turbulence. The Reynolds 
nnmbcrs have been calculated alter Muscat from the relation — 


Mp +iAp)i 


( 4 ) 


wlierc J is tlic average diameter of the grains and i> the density of the gas 
at the temperature and mean pressure of measurements. Results are given in 
Table VI. 

Taulk VI 
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'I'lic highest Reynolds jniinhcr is 0.222 while aecoidiiig to Muscat'’ the 
lowest Reynolds nuiiiljcr for the appearance of lurhiilcncc is i. Thus it 
appears that llic variation of the permeability with pressure, observed hi the 
range of low ])ressure gradients, is not due to turbulence* The alternative 
explanation is that this diminution of permeability is due to a kinetic energy 
effect v\Iiicli should be corrected for in order to calculate the true perineabilily, 
'riiis can be done graphically by obtaining the slope of the velocity /pressure 
gradient curve at the origin which equals where is the permeability 

after the kinetic energy correction has been aj)plied. 'I'hc slope at the origin 
for the four cuiV(,‘S and llu^ corr(‘S]»ondiug calculated ])eruieabilities are given 
in Table Vll. 


Taiu^k VII 
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I'lie i)enneabi 1 ilics obtained after kinetic energy corrections have been made 
are higher in tlie case of nieasurenients with hydrogen than for lliose with 
oxygen. y\lthough similar discreimncies have been noticed previously no 
explanation seems to liave been put forwaid. This question cannot be settled 
unless an independent method of measuring permeability is developed* The 
following is a tentative explanation. 

In the measurement of viscosity of gases by the method of capillary flow, 
it is necessary to apply a correction for sli])'' at the w'alls of the tube. The 
greater the slip the greater will be the volume of How. Assuming that the How 
Iiecomes zero at a distance ^ i C from Hu axis of a capi]lar>’ of radius/, 
llu‘ vrdume of flow \' is given by the relation 


or 

wdiere ) » g. 


V = 

\'- 


j6//Ty> 







((’)) 


* * I'or gnsvi ^ i.-i Kiii'Wii 111 i<iuiil (ijiproximaU-li llu' nic.nn free pnth nf the nKilecuUs 
(sceUef. 6), 
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The volume of flow V in absence of slip will be given by the formula 

... (7) 


y= ,f* 

V and V are connected by the relation 

V = V(i + 4 /,.). 


( 8 ) 


Since V is the true volume of flow in absence of slip we should have used V 
instead of V in order to calulale the true permealiilily, K, thus 


K = 


aVfjjjL 


iVp'lh 


^ , = K„ 


fc)) 


I cannot be experimentally determined but is likely to be of the order of 
[ytli of the average radius of grains in consolidated polydispersed sands. Values 
for K and r can be calcukiled from the measurements with two gases whose mean 
free paths arc known. Results of such calculations are given in 'I'able VII 1 . 
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The calculated permeabilities in both cases arc much low^^r than those 
obtained with either hydrogen or oxygen. 

Further research on this topic is proceeding and results will be coiiiinuuicated 
in due course. 

Our thanks are due to the Manager of the Burinah Oil Co, (Bunnah Con- 
cessions), Ltd., for permission to publish this paper. 1 he work was carried out 
under the general direction of Mr. A. Keid, Senior hields Cheniisl. 

Burmah Otc Co. Kksiiarch LAnoKA*roRius 

KnooAtTNci (Uri'tnt TirRMA). 
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EVIDENCE FOR THE EXISTENCE OF ASSOCIATED MESONS 
IN COSMIC-RAY SHOWERS* 

By M. S. SINHA, M.Sc,. and R. L. SENGUPTA, M.Sc.. Ph.D. 

{Rcccivi'd jot publication, February ly, 11)42) 

ABSTRACT l{^'idellct' has hccii obtained of the cxisteneo of asiSCM’iatcd mesons in 
I'lisinie-rav showers with a CounU r-rontrolled Wilson Cliainber arranged so us to record showers 
onlv. A. ’.2 (.'111 lead plate was placed inside the cliambei and the nature 0/ the particles 
photographed has Ijccn aseertaini'd from the fact whether they have been absorbed or multi- 
jilied by this lead plate or have emerged out of it without producing secondaries 

Investigations of Janossy and Inglcby,' Wataghin, de Souza Santos, etc,® 
witli coincidence counters interposing large tbicknesses of lead absorbers have 
indicated the existence of showers of penetrating particles. Cloud chamber 
evidence of associated penetrating particles have also been obtained by Braddick 
and Hensby'' working under 30 metres of London clay and by Herzog and 
Bostick * in the substratosphere. The present work is an attempt to take a 
large number of photographs of penetrating cosmic-ray showers to furnish an 
adequate data for a complete investigation of their behaviour. We have been 
using a cloud chamber operated by a five-fold coincidence arrangement shown 
in Figure i. The arrangement is practically a three-fold coincidence one, 




- 0 

- 0 V ’ 


Fig. I 

the extreme bottom counters being used to define the geometry more jirecisely 
and to make the number of accidentals very small. 



* Communicated by the Indian Physical .Society. 
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A lead plate of 2.2 cm, thickness has been inserted in the chamber. The 
nature of a particle traversing the lead plate can be ascertained from the rate of 
production of secondaries during the traversal. For an clecjtron, for example, 
of energy cv, it is very unlikely that it will emerge out of it without being 
accompanied by secondaries, whereas for a meson of the same energy the 
probability of emerging w’ilh a secondary is very small. 

The preliminary experiment was carried out without any lead plate above 
the top counter and the photographs obtained were mostly of cascade showers, 
a typical and interesting case of which is shown in Figure 2, which shows both 
al)sori)tioii and tituUii>lication of an extensive air shower in the lead plate i)laced 
inside the chanil)er. 

With the arraiigcnieiit given in Figure w /.c.j with tlie top absorber 5 cm. 
thick, about thirty i)hotogra])hs have been taken, of which Figure 3 is an 
interesting, case. 

In Figure /i, we find tw^o penetrating particles w ith a few electrons associated 
with them. The slight convergence between the tracks (a) and (b) is apparently 
due to scattering of the particles in the lop lead absorber. I'he track {a) can 
be assigned to that of a meson as no secondary has l.>ecn produced in the traversal 
of 2.2 cm, of lead. Although the particle ((>) has emerged from the lead plate 
with a secondary it is very unlikely that the incident particle is an electron due 
to the following reasons * — 

(1) The magnitude of scattering sufl'ered by the incident particle sets a 

low'cr limit to its energy which is 10” cv. 

(2) The i)rubabilily that an electron of this energy will peiictrale 2,2 cm. 

lead plate with a single secondary is of the order of 

We therefore consider it to l)e the case of an associated meson pair accom- 
panied with a few^ soft electrons which are observed on the photograph along 
with the i^enetrating particles. 

Some photographs have also been taken l)y changing the thickness of the 
tup absorber io 10 cnis. 'I'lic coincidence rale has not appreciably changed 
which is in agreement with Janossy and Ingleby’s observation on penetrating 
showers where they find associated ])eiietraling ])article.s in groups of different 
numbers occurring almost with the same frequency even wdien the thickness of 
lhc*absorl)er is gradually increased. With 5 cm. thick top absorber the majority 
of llie jihotographs w-erc of cascade showers either in the absorber or in the 
lead plate inside the chamber. The yield of penetrating showers has apparently 
increased on changing the thickness of the lop absorber to 10 cm. Any attempt 
at interpretation regarding this is however premature until more data is available 
to make the indication statistically significant. 

Two interesting cases witli the top absorber 10 cms. arc shown in Figures 
4 and 5. Figure 4 show s clearly a pair of penetrating jiarticles. No magnetic 
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PLATE VI. 



Fig. 4 


Fig. 5. 
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field has been applied so that the slight bending of the tracks is due to convection 
currents set up in the chamber. The pair appears to be generated within a few 
ccjiHnictres fioni the wall of the chamber and can be looked upon as an air 
.shower. A similar photograph has been reported by Braddick and Hensby,” 

Figure 5 is the most important of the series of photographs. It shows at 
least four penetrating mesons (shown by arrow heads) with a large number of 
tail ]y energetic electrons, one of which has produced a cascade shower in the 
lead plate. Janossy and Ingleby ^ have also observed, by means of counters, 
showers containing penetrating particles up to eight in number. From the 
^'coinetry of the tracks it is evident that tlie lead absorber on the top cannot 
Ik the source of generation of the particles. We therefore presume that the rays 
n)iistitule an air sliGW'er consisting of electrons and mesons in conformity with 
the general view on the structure of the extended air showers. 

In conclusion, the authors wish to express their gratefulness to Hr. I). M, BoSe, 
Ph.D., for his advice and encouragement throughout the work. The 
L.xperimenl is in progress and a detailed account of the complete w^ork will be 
imblished later. 

Tnn T5 osl. iNsriTi'Tii, 
ri-IM'.K ClKC(tUU Ruah, 

Calcutta 


k k 1' F k li Ncn^ 

* Janos.sy, L.i and Ingltb}’, P., Naiuii\ 145 , 511 11940). 

^ Wataghin G , M, do Soii/a v^auto.s, and Poiiipca, P. A., Vhys. Rev., 67 , 61 (1940). 

IJraddiok, Jl. J., and IJcns^by, C. wS., Naiiin\ 144 , iur.> (1939). 

^ Hcr/og, O. H., and Uostiok, \V. 11 , Pfiys. Rev.., 58 , 27(S (1940) 
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NOTE ON THE LOW ENERGY SCATTERING OF PROTONS 

BY PROTONS 


By H. mack THAXTON 

{Rccc'ii'i'd for piihllcation, Novcinhcr 5, z?,//) 

ABSTRACT. The scattering of protons hv proton.s has been investigated in the energy 
vi'i,;iiin .1 to .,5 Mev by Ragan, Kannc and T.a.schek.* This note derives the necessary theore- 
iicat calenlatioiis for Uie analysis of the expcriinental data Phase shifts for the Gaus.s, Meson, 
lisprmential, Morse and Stjiiare potential wells .are determined Cvir\es of the Molt ratio, 
tiK biding the effect of S-wave senftcring forall potential wells, are given. 

Ci. L, Ragau, W. R. Kamie anti R. F. T'aschek * have investigated the 
scattering of jirotons by protons in the energy region from 200 to 300 kev, 
i xperiinentaliy. For jinrpose of comparison with theoretical results, a detailed 
investigation of this energy region has been made, theoretically, at energy 
iiilervais of 10 kev and for all the potential functions utilized thus far in the 
study of the problem. The analysis of proton scattering data has shown 

that experimental data may be fitted almost exactly to theory by tlie assumption 
of a pure ,v-scattering alone ; this is esiiecially true in the region under consi- 
deration. It has been shown that the experimental data on iirotou -proton 
scattering can be fitted by a .square well® of depth 10.5 Mev and range 

and a ('laussian® type potential well Ac ' with A = 5i. 44 and =21.50 

cut off at 3 a Meson potential welP Ce *^”/(r/fl) with 

C=Sg.65 and 0=0.42 r®/mc®; an exponential potential well'' Be 

with B = i 37.6 me®, b = o.j93 (Mwr®) a Morse potential well" D(e 
- jf- 2 r/a)^ vvith I) = ii 9.36 me®, a—c'^lzmc'^. The agreement between theo- 
retical and experimental results using these potentials confirms the existence of 
only an s-wave anomaly in the scattering and the equality of neutron-proton 
and proton-proton interactions. 

'I'hc present theoretical calculations extend the region of investigation so 
as to cover the new experimental data. The method of calculation consists 
m solving numerically the differential equation d®F/dr®H-(E-V(r)) F=o using 
die units and numerical values of the constants given above for each potential, 
cutting off the solutions at 3 c®/mf® and joining to Coulomb functions. The 
Coulomb functions needed for these calculations were computed from series 
expansions. ^ Curves giving the variation of phase .shift with energy over this 
'cgiou are given in h'igure I for all potentials. The curve represented by crosses 
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gives the variation of Kq with energy for the Meson potential ; the elliptical 
circles represent the square well potential ; the circles represent the exponential 
and the dots and squares the Clauss and Morse potentials respectively. Figure II 



Fig. I 

Variation of Pliase shift with energy 



Fig. II 

Mott ratio as a function of the angle of scattering 


shows curves of the Mott ratio (R) plotted as ordinates with the scattering 
angle © as abscissae for the square well and the meson potentials. These 
curves are typical of the curves for R as a function of 0 for all potentials. 
The actual numerical values foi' the calculated pliase shifts for all potentials are 
tabulated in Table I. 
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Table I 

Theoretical Phase Shifts 


- 

Square 

CJnuss 

rtxpoiiential 

Meson 

Morse 


Ko 

K„ 

K„ 

K. 

K,. 

2uu 

6.78“ 

6 - 59 ' 

7 -'> 5 ° 

6.08“ 

6.97° 

2 10 

7. 18“ 


7 45 “ 

7.08“ 

7 - 35 " 


7.60' 

7 -h" 

7.87° 

7-17" 

7 77“ 


8 02“ 

7 - 9 “" 

8 28° 

7.87" 

8 .j 8 - 


«- 43 " 

37 " 

S.08“ 

1 ^"*■- 7 “ i 

8 59“ 


8.83“ ! 

S.82‘' 

9.11° 

8.67“ 

9.02“ 

260 

'J as" 

9-30" 

9-53“ 

9.06“ 

9-43“ 

r/o 

9 

9.78“ 

9.96^ 


9.8s" 

::8o 

TO.oS" 

10 28“ 

10.38- 

9 88- 

10.28“ 

290 

10.52“ 

10.78“ 

10.83* 

10.31° 

ID 72® 

300 

10.90° 

1 1 .30“ 

11.25’' 

1073” 

II 15® 


Figure III gives typical curves of the Mott ratio R as a function of energy 



Mott ratio as a function of the energy 
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In Kev for the Meson potential (crosses) and the Morse type potential (squares). 
Figure IV shows the quantity 4cMR/sE® plotted against energy for the 



Fio. IV 


The quantity 4fMR/.vR® as a function of energy 



Fig. V 

Counts per jnicrocoulonib per inillimetre oil pressure as a function of energy 
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scattering angles ©—35 > 4 ® 45**. Figure V are curves of the proton 

counts per raicrocoulomb per millimetre oil pressure against energy as calculated 
for the Meson potential. 

The data given by these calculations may be used for direct comparison 
with the experimental data and such a comparison may lead to the choice of a 
])otential well more closely satisfying the conditions in nuclear ju-oblcms. 


Tin; ^I'.Kicuu'UiiAt, A^rr) TiiCHMiCAF, CotMicii? 
OK Noktit Cmuiijna. 
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A NEW AUDIO-FREQUENCY BRIDGE 

By L. M. CHATTERJEE, M.Sc. 

(Received for l>ubUcaiion, Kovembe) 7, 

ABSTRACT. A new t)ridij;c for the ineasureinent of the fretiuenov of an ntteniatijiK' current 
lu the audi(>-fre(iucney range has been devised, in which the null point is obtained virtually by 
die adjiislinent of the resi.slance in oiic of the arms ; the adjiistnieut characteristic is given by 

/ w Inch is a parabola The vector diagrams of tlic balanced bridge have been enn- 

slrueted and discu.sscd. 

I N 'I' R ( ) D r C T O U V 

The basic principles underlying the many available methods for measuring 
the fretiucncy of an alternating current are very varied but tliey have been 
c lassified under six broad headings by A. Campbell and E. Childs' ; the bridge 
method is one of these six groups. This group comprises those instruments 
in which an alternating voltage is applied between two points of an electrical 

network and by proper adjustment of the values of capacity, resistance and 

inductance (self or mutual) in the network, the potential difference between two 
other points in the circuit is reduced to zero, as indicated by a detecting inslru- 
ment, such as a telephone or a vibration galvanometer, connected across these 
points. If one of the adjustments depends on the frequency of the alternating,, 
current then the bridge may be used as a measurer of frequency. It is desirable 
that no other adjustment should be necessary but this has not been really attained 
in most of the systems. Now these frequency bridges may be further subdivided 
into the following sections according to the nature of the- elements used in the 
m ills of the bridge ; — 

(a) Netwoj'k containing R and E “ 

(h) „ „ R and C = 

(c) R.LandC*’*’-'’^ 

id) „ „ R. E and M 

(e) . „ „ R, E, Maud 

where ^1, E, M and C stand respectively for resistance, self-inductance, iiiutuaK 
inductance and capacity^ A useful summary of the methods is given by 
J. Krooert*" and also by B. i^ague.®^ H. Mukberjee devised a Wheatstone 
network containiipg capacity and resistance, and p»t the nioying coil of a dynamb- 
meter type A. C. galvanometer in one of diagonal arms and the Gated coils in the 
otlicr in series \yith the eorrent .source ; the elements in the arms were adjusted 
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till the i^alvanometer showed no clcllcction ; the value of the frequency was 
ol>taiiied in terms of resistance and capacity. On the other hanch the frequency 
In idf^es may be classified according to their adjustment characteristics. If x is 
the adjustment of the bridge entering into the frequency balance condition, 
we can write for the tidjustment characteristic of the bridge, /—function (.t). 
lb Hague"' has graphically described eleven adjustment characteristics covering 
nil the frequency bridges used in practice. The new bridge, a short account of 
which was published in C'urrrnl Scienre,^^' has an adjustment characteristic given 
hy f-(i\/ X which is a parabola. 

r Ti 1^: 'r n ic o k v an d d n ^ c r r p r i o n o v r ii h n r i n o li 

l<^ig. I is the circuit diagram of the new bridge. The branch AC of the 
bridge contains the primary coil of 4.he mutual inductor M, the resistance and 
self-inductance L, of the primary coil being known ; in series with it an adjust- 
able non inductive resistance box is connected ; P denotes the total resistance 
including that of the coil in the branch AC. The arms BC and Al) contain 
adjustable non-inductive resistance boxes only ; K is a good mica condenser in 
the branch DB, 



Circtn't diagram 

( )ne end of the secondary coil of the mutual inductor M is connected to that 
of the primary at A and the other end is connected to one terminal of the souict 
S of the alternating current wha.se frequency has to be measured ; the othet 
terminal of the source is connected to the point B, the junction of Q and K- 
T is a telephone used as a detector of the balanced state* 
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l,et 1. be the veetor represeutiiiR llic Iianiioiiieally vaiyiiiy cinrejil of fre- 
,|iiuncy/ pci- see,, aowing along the braucli ACB when the bridge is balanocd , 
1„ that along ADB, and I that along BSliA; no eunent Hows along the branch 
Ll) at lialanced state. Apidying Kirehholl’s rules to the uieshcs of the impedance 
Iielwork carrying harmonic alternating current we get the following equations 

At A 1 =Ii, H' I„ ; .t. (l) 

foi the mesh ACD, 

(r-t ./odjl, /o.MI -n, ... (o) 

where ii)=:’7rx fie<iueney, and - ; 

for the mesh C 15 D, 

SubsiilntiiiK t-lic filiation (i) in (2) and reaminginii llu: L*(]iiation>s (2) and (3) 
wt* {-cl 

(P^ (4) 

and Qh ^ ^ Au. A (5) 

kti) 

DividiiiLi (.]j l>y (5) wu have 

P I M) _ R — 

u Z~’f 

/e'Cl> 


■> {h + ;a.(b )-M)} = QR-'y‘'>MQ . 

/c’W 


- =QK~./«>MQ. 


I'.quating the leul quantities and likcv\ise the unreal (]uanlilies we get 


L + M 
k 


-QR 


and 


’’ =aiu 

KM 


U1 


, p 

U|- — - . 

kUQ 


10 


( 0 ) 


Ifence the conditions (/) and (//) are to be satisfied for no cuirent in the telephone. 
The condition {«) may be secured by varying R, and the condition (H) by 
varying P. 
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In luractk'c, at iirst an a\uiiu^frc(HieiKy allcrnatiiu> c uncni ih ,suf)i)lied to the 
bticlKCS and L, M» I\ ajul (J are niaiutaiiied fixed ; balance is obtained by 
successive adjustnient of 1 ^ and K. The ]»rocess is easy and raindly convergent 
since the two i:onditioiis of balance are iriulually iiulependenl. When the piopcr 
values of P and R for f}alance at any fre(|uency have Ijecn determined, the first 
condition, which is independent of frequency, remains satisfied for all frcqiieiieies , 
and llie fiXMjuency bridge is thus brought to vvoikiiig order ; wc may now 
measiire fre(iueiicies of altcniLiLiiig current sources by varying P alone so that 
virtually a single adjustment is all that is necessary in order to determine the 
ftcn[uency. 'I'be formula representing the frequency / may be written f — as/' , 
where a- (271“ V KJ\i( ))"’ -a constant; lliiis the adjustment characteristic is a 
parabola. 

The vector diagram of the balanced bridge is constructed and discussed 
below. In Ph’gs. and 2h let the vector All denote the voltage c across 



% 

tlic I'oiiits A ai)tl B of tlic circuit diagram. Tlie current I, flowing along 
the inductive branch ACB lags behind c, while the current li, flowing 
along the capacitativc branch ADB leads c ; Rli, is the potential drop 
across the resistance R and is represented by the vector AC or AD, since 
C and D are equipotential points when tlie bridge is balanced ; the potential 
diOereuces across the condenser K is Uljutk and is represented by DB 
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■t atiRlcs to AC, llius iVCtC'B-AH, that is, UI„ ) (hV- 

l„)i(.iitial clroi> atruhS the ru.sistaiK'c‘ Q is Ql ami is iciiu suited hy CH or 1)B ; 

(bujoic Ql. - • The vector AN=-PI, leincseiUs the ].oteiitial dici. in the 

I csislaiicc r of tlie arm AC of tire circuit dia>;raiii ; this vector is in jilnise with 
ilic current I, ; at riyht angles to this is tire vector NY which rein csuits the 
nolciilial drop in the inductance I„ and is equal to ./udj, ; in jihase with NY 

is the vector V('. representing io.Ml, ; the vector (U) represents ; thus 

VD- Y(’i ^ ('iD = y(i)M(lt + I„); and We notice that Al)=^ AN i NY + YD ; in ollioi 
wolds. Rlh==PI( + j'aDI +./uiM(l, + 1„) ; and finally AB = AN + NY + YD-l -DB 
or I = PI. + ,/«>DI( +y(aM (1 l + Id) + QP ; at r ight anglc.s to YC is the vector of 1, 
the total current drawn from the source. From the geometry of the vector 
iliagraiiis it easily follows that 

;ui(D + M)li = R1 1. ... (d) 

PI. = -y...Ml„ ... (/i) 








(^') hy (y) \\c 


./<'>(L + M) 

-K, pole 


(>) 


or 


r. + M 

' K 


= L)R, 


■0, hull is tliu .same as llie eijuatioii (i) foi" the halaciud I'oiidition 
Dividiiii.: (ft) by (y) ^\e ^el 

p =u)"MK 


or 


P 

KMQ ' 


is the same as the equation (//) for the l)alanccd eondiliuii. 

Tlui^lhe tuo Londilious for balance arc deduced from llie vecloj diaj^iam. ll 
may be noted that the currents b and Ii, are at quadratiiic. It will be further 
observed from a study of the bigs. ->a and 2 b that when V becomes equal to Q, 


AN=CB=CG; 


or ui' 


MK 


that is, the second condition for balance is reduced to a simpler form «u® = 




MK 


when P=*Q. 

In (deducing’ the balanced conditions it has been assumed that the resistances 
P, Q and R a« peffect, i.e., they contain no residual inductance and capacitance ; 



144 


L. M. Chaiierjee 


this is v'ery lieiirly true in the case of resistances generally used in the altenialijiM 
current cxiicrinieuts ; the small residuals iiiay he ignored. Since there is in, 
other coil offering self-iiiduetance, excepting the primary of tlie niutuahiiidiictoi . 
in any arm of llie l^ridge there is no necessity of anangiiig the eleineiits in the 
arms with special precautions so as to avoid the stray imituahinductance effccl, 
It may bg pointed out that the elTects of the impurities in llie muUiai-inducloi 
M and in the mica condenser K have been ignored all together in deducing the 
conditions for balance ; ordinarily these are very small juid may be neglected , 
it is desired to take into account these effects and their influence on the balaiitc 
conditions latei in a subsequent [japer. 

p: X p p: r i ai p: n 'j' a l p: x a m p l tc and r p: m arks 

I'hg new frequency ])ridge was used to calibrate a triode oscillator meant 
to serve as a source htr allernating current bridge measurements. U'he frequence 
could be varied by changijig thg capacity of the anode condenser. In the bridge 
set up, M was oo 5 uiiili^Henries from a Campbell niutual-inductomeler, tlie fixed 
winding of which had an inductance C = 08*50 niilli-Heiirics , with ^“370 ohms, 
R = j|.S 7 ohms, which were determined once for all in the beginning as explained 
above, and K- i microfarad, the balance was obtained by adjusting P with 
tile following results ; the detector used was a telephone ; for the *sake of 
comi)arison the corresponding values were also determined by tlie Campbeiri*' 
frequency bridge and have been recorded in tlie last column of the tabic below, 


Clipiu’ity of the 

Anode condenser 


1 

V 1 

i 

1 

j 

/ in ('veles per second 

/ in cycles, ''.see. ns 
determined by 
Campbell’s Hridgr* 

.M micro-faiiid 

igo 

ohms 

)OJ 


1 ,, 


t ♦ 

15 ^ 


. . 


1 t 

.S 5 f> 

53 " 



• « 

01.] 

6 ( ig 

^>•7 

0,5 

> 7 '- 

705 

t w \ 

OgO 

j 

PUJ 

# 

n 


3 r ^ 

j 

1 J ‘>50 

0.1 ,1 

1 4000 



! 

u.oO ,, 

-i 47 o 


! 

1 

1 1441 


5 oho 

! 


Ihi 6 

0,01 ,, 

30.10 

i 



o.oo,s , M 

3Si(f 

1 

1 

1 i.Soo 

1 So 2 
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If the alternating current is impure the harmonics may cause some trouble 
in securing a good balance, particularly if the experimenter has a bad ear for 
distinguishing one pitch from the other. This difficulty is common to all 
null methods for measuring freqtiency of an alternating current, but with a 
iiltlc practice most observers may learn to ignore harmonics, The difficulty 
does not arise at the lower frequencies if a vibration galvammietcr is employed 
iijslead of a telephone. Witli telephones as detectois a good balance is often 
iitlained by earthing the [joint 1) (see Fig, i) of the circuit thus bringing C and I) 
,\t lialance at the potential of the observer. 
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ON THE VOLUME AND SURFACE RESISTIVITIES OF 
SHELLAC MOULDED MATERIALS 

By G. N. BHATTACHARYA 

(Received (or piiblkalion, November ro, ;p./r) 

ABSTRACT 'J'he volume and surface resistivities of a number of shellac moulded discs 
of different composition have been determined by the electron lube method using a Philips 
ijo6u electioraeter Iriode. Mcicury electrodes were used and most of the determinations were 
made at a constant potential of 150 volts. The effects of humidity and temperature were also 
•.ttidied and the re.sults have been shown in a immbir of diagrams. ' Shellac plasties may, 
as a result of this investigation, be safely clas.sed among those materials which have a high 
\alne of volume and surface resistivity. 

1 N T R 0 I) II C T T O N 

The direct-CLirrciit resistance of an insulating material i.s usually iletcnninecl 
by applying a ijoteiitial difference between two points on the material and 
measuring the feeble current by any suitable means. But this resistance 
is usually considered to be the resultant of two components, vie., the voliuue 
resistance and the surface resistance. Curtis’ devised an ingenious apparatus 
to measure these two resistances separately by means of guard rings and his 
method of test has been adopted by the British Standards Institution* for 
determining the surface resistivity of moulded insulating materials. The 
American Society for Testing Materials’ has also adopted a similar apparatus 
for the determination of the two resistivities. But if the resistivities are very high, 
the measurement of the extremely small current in this method may sometimes 
involve some difficulty, since this current is often so small that it is difficult to 
measure it even with a sensitive galvanometer. The method of charging a 
condenser with the feeble current and discharging it through a ballistic galvano- 
meter has been described by Brown' and others'’ in high-resistance circuits, but 
the limitations of this method, the most troublesome of which is the long time 
constant, have been fully discussed by Cherry.® Au electrometer (Compton’^ 
or Biudetnann") may be used for this purpose, but this method has also several 
disadvantages which have been described by MiiUer" and Cherry.® At present 
lire electron tube method'' is perhaps the most sensitive method of nieasureiuent 
in such a case. For this purpose special vacuum tubes called electrometer tubes 
are being used now. Rose'" has described a circuit which makes use of the 
pliotron FP-5.^ of the General Electric Company of America for the measurement 
of very high resistances, (ither investigators" have also used this tube in 
different circuits but Muller’* and Cherry® for simplicity used triodes and their 
circuits have been fully described. 'With the help of such a circuit the value 

2-i483P-m 
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of the unknown resistance Rr may be obtained in terms of another known 
high resistance Rj, the applied voltaj^e E and the potentiometer voltage c required 
for balance, The relation^ ‘‘ is 

Rx=^R.[(K/r)-i:i. 

V R 15 V 1 O u S W () R K 

Dieljich’’* studied the elTect of temperature, light and moisture on the 
resistivity of lac. Curtis’ measured the volume and surface resistivities of 
shellac along with other insulating materials. Stiiger’ ’ also studied the eflcct 
of temperature on lac, pure lac resin and sliellac*\vax. An excellent review ol 
these results lias been made by Verman,’® who states that both Dietrich’s and 
Stiiger's results for lac samples could by a proper choice of constants be niad( 
to fit Kocnigberger and Reichenheim*^ equation 

P = Po- c'-^///273 (^““273) 

where p — resistivity at t"C-, po^i^^^'sistivity at o"C, i] — i\ constant. 

The object of this paper is to report the results of measurement of resistivities 
o) a few shellac moulded discs of different compositions^’* which have been 
evolved at this Institute under difl'erent conditions of temperature and humidiiy- 

n X V K R I M B N T A L 

As the iJl'climinary measurements revealed that the volume and surface 
lesistivities of sliellac moulded discs were too higli to 1 k‘‘ measured simply with 
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;i gdvanoiiielei', a circuit was cunslructed with a Philips clcctioiuctci Inode, 
riic particulais of this tube appeared iii tliis journal ^ ' sonic tiiiic back and so 
these arc not being given again. The circuit was similar in design to that 
described by Cherry® using the Westiiighousc electrometer lube 
The schematic diagram of the circuit used has been shown in Figure j . d'he 
luellJod of nieasuieincnt and precautions regarding shielding and insulation Jiave 
also been dealt by Muller'' aud other workers^® and so these need not be 
icpeated here. 

Mercury electrodes as used by Curtis' were used in these investigations. 
Most of the measurements were done at a constant potential of 150 volts. The 
source of this voltage was a high-tension dry battery as used for radio sets. 
Humidity was controlled with solutions of different proportions of glycerine and 
water."’ A big vacuum desiccator was used as the humidity chamber and 
tests were carried out inside this chamber. The leads were taken out through 
the loi) and holes made on the sides and closed with bushings made of beeswax- 
rosin. The voltage was applied across the dielectric together with a standard 
high resistance. A number of these standard liigh resistances of different values 
ivere made from liquid mixtures of alcohol, benxeiie, phenol and picric acid 
as described by Cremaut.‘“ These high resistances were kept in a chamber which 
was air light and wlierc some desiccating agent such as fused calcium chloride 
was kept in order to miuimise surface leakage. 'The potciilial drop across the 
stanciurd high resistance was measured by means of the electrometer triodc on 
a ])otcniiomeler. 


R K S U h T S AND D 1 S C D S S T n N S 

The results of test have been shown in Tables I-llJ. They have also been 
sliown in graphical form in hTgurcs 2-4. T'aldc IV shows the particulars of 



Fig. 2 

eoii]position of shellac moulded discs. The variation of volume resistivity willi 
temperature (Fig. 2) was found greater for kusum shellac than for sliellac 
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moulihtif:' pouxkrs (Nos. Si k'-td and vSAK-^o) uilljin the small range of 
tciiii>eratures through which it was possible to carry out measurements. At 
tempcratnics above shellac discs 1x*g an to soften slowly and it \\ as not 

possible to make measuiements. But shcllae-nrca‘foniialdehyde and shellac- 
aniline-furfural moulded discs withstood higher temperatures and incasuiemenls 
were carried out up to 8u'X'. After 65 ""C. the fall of resistivity of these discs 
however was soiiiewliat rapid, prol)al)ly owing to slight softening. 

'riie elTcct of luiinidily on the volume resistivity of shellac discs has been 
shown in Fig. Measurements weie carried out when tlie discs were desiccated 
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uml ulso under tlirec dilfeiciit conditions of relative liuiiiidity, rw'c., ,^o, oo and 
90 per cent. At cacli humidity the discs were kept for jz hours Ixifore they 
were tested. 'I'he inaxitnuni slope of these curves seems to lie within 30 per cent 
and 60 per cent relative humidity indicating the maximum rate of fall. Similarly 
the variation of surface resistivity with humidity has been shown in Fig- 4. 
Here also the rate of fall is small up to 30 per cent humidity and thereafter 
it is more. A composition containing io 7 o rosin on the weight of lac 
(No. ; Curve IV, Fig. 4) shows a peculiarity in that the rate of decrease 
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Fig. 4 




l^oluTuc and Swjace t^csisliviiie^ oj Shellac Moulded Matenals t5l 

nl surface resistivity aflei 6o% relative liiimidily is \tiy small. 'J'his may be 
ilui' lu tlie presence of loshi wliicli has bcxii shown by Curtis^ to have a veiy 
Idvv rate of fall of resistivity with increasing humidity. 

It may lx: mentioned in this connection that the cm rent which flows through 
.1 solid insulating material as soon as the voltage is applied docs not, as is well 
known, remain constant but changes with time. For some purposes®'’ the 
current at the end of one minute is taken since the a!)surption cm rent 
IS usually negligible at the end of that period. In these tests, howxwcr, the 
current was measured at the end of 3 minutes since it was observed in 
:i few' i^ases that the eflect of this absorption current conld be noticed evcjx after 
.i ininules. At the end of three nnilules, however, the current was more or 
less constant and hence that could be taken as the conductivity current. It 
slionid be noted, however, that the error of such hihh resistance measurements 
may be aj^proximately 10% or even slightly more. 

It may be said that the resistivity of shellac compositions generally is vciy 
liigli. At 50 percent relative humidity and ordinary temperatures (25‘'C.-3o''C.) 
tlic. volume resistivity of these compositions usually lies within 3.5x10^' to 
ohm-ems. A comparison with the resistivity of other moulded 
materials is not feasible unless all the conditions of experiment are the same, 

I .g., the method of iiicasuremcnt, the dimensions of the specimen, the applied 
voltage, the teinperalurc, the humidity, etc. Nevertheless, on a scrutiny of the 
values of resistivity of most of the plastic materials,'''^ sliellac comixosilions may 
saicly be classed among those plastics which have a very high resistivity. 


Taulk I 

Showing the variation of volume resistivity with temperature 

P = volume resistivity, 


Material 

'i'eniperatuie in X' 


bog p, 

Ivusum shellac 

28 4 

j 

j62 I 

i.S 41 


38.0 

^ ; 

X4 73 


42 .(> 

28.0 



50.0 

9-8 ! 

! 

> 3-99 

>Sliellac powder 

.30.0 

139 


No. vSlJP--gi 

40 (t 

^5-7 1 

>4 98 


50.0 

62 1 

J4 79 


60.0 

28.9 ' 

14.46 


70.0 

7.6 1 

1 


80.0 

I 4 1 

J 3 -X 4 

vShellac pewder 

37.0 

43.2 

14.62 

No.vSAF-20 

40.0 

35-2 

14-54 


50.0 

21,4 

14.33 


60.0 

14-3 

14.16 


70.0 



* 

80.0 

1.2 

j 

1 13.06 
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Taulk II 

vShowing tlie variation of volimie rcsibiix ily with Inimidity 

/S = volume resistivity. 
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.1 
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Sri' 

()ii 

-5 
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40 

26 
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TAhUi 111 

Showing the vaiiation of surface resistivity witli huiiiidity 
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Pn — surface resistivity. 

K at relative humidity 
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Tabi,k IV 

Showing the particulars of composition of shellac moulded discs used 


Disc 

Resin 

l-'ilU'T 


Perccula^^e 1 

of 




Resin 

I'iller 

Dye 

and lubricant 

Kiisuiii Sludlae 

Shellai' 



1 


s.rr' - <0 

vSJjellac-iirca* 

fonnaldelivde 

1 

Wood flour 

1 

4.S 

.|g 

3 

SMI- .]D 

Shellac- nielainint- 
formaldehyde 

Wood Hour 

PS 


3 


Shellac-urea 
formaldehyde with 
re.sin and Phenol 

Saw-dus! 

(K) 

1 

- 

srK- 7 > 

Shellac-urea- 

fonnaldehyde 

Mien 


6 i) 

1 

SrF--23 


Asbestos 


09 

1 

SAl'-du 

Shellac-anil ine- 
furfural 

Wood flour 

49 

49 

• 

SC 93 

Shellac'casein 

Wood flour 

51 

46 
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THERMAL CONDUCTIVITY OF LIQUID METALS 

By M. RAMA RAO. M.Sc. 


[Received fo\ publlcatioti, November 

abstract. 'J'hc abrupt decrease in the tlicrmal eonductivily of nielnls observed iiefir 
11 k: nieltinn^ point is explained on the assumption that the frequency of vibration c»f nioleciilts 
Ml flcrs a cliange nt^ar the melting point. The ratio of thermal (‘ondiictivities in the solid and 

2 K 

li(|uid phases near the melting point is shown to be given by wliere Ko is the boltzninn 

(vjiiblant and is the entropy of melting. This is found to be in good agreement \\itli 
.r 111 

olisi'rvcil vn1ne.s. Tlic .sli>{hl decrc'ase iji the Ihcnnal (’Oiidiictivitv in thf liquid phase is 
iiscrilied to the di.sordered state in the liipiid. 


'I'lie thermal conductivity of normal metals in the liquid state jnst above 
the melting point is about half as great as that of the solid metal just Wow 
tlie melting point. Certain abnormal metals, however, such as bismuth and 
antimony which are poor conductors in the solid, increase their conductivity on 
melting. The abrupt change in thermal conductivity at the melting point has 
not been explained so far. An attempt is here made to explain such a change 
from the point of view of modern theory of electronic conduction based on wave 
mechanics. 

From the standpoint of modern theory, the expression for the thermal 
conductivity of a metal should contain two additive teims, one due to the 
laltice and the other due to electron conductivity. A. H. Wilson’ gives the 
v(iitati()U as 




T I . ^ 

pciu + 

3 3 


norK?,T 


)ii 


K is the thermal conductivity ; /> the density, c the atomic heat, / the electron 
iiieau free path in the lattice ; u the velocity of elastic naves in the lattice (sound) j 
II „ the number of free electrons per unit volume ; ' the "relaxation time’ 
(average time between collisions) ; Ko the molecular gas constant . I the absolute 
itiiipiTalurtL If we write the ertnaliuii as 




iiifir 


/>r 


A 

r 


+ 11. 


it is in the form' 

— T. 423 P — 111 


K 

/>r 
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This assumes that r X T”“’ and lu oc 1 '*"^ and that p and ( compensate as to their 
temperature effects. 


The equation in this latter form is experimentally verified by data on tin, 
K 1 

lead and zinc. ^ Values of plotted as ordinate against _ as abscissa give 

pc r 

straight lines with intercepts on the 3'-axis and these intercepts turn out to he 


K 

the values of -- for the molten state. The conductivity for the molten stale 
pc 

includes the residual atomic conductivity as well as that due to electrons. 
The conductivity of an insulating liquid is very small (i per cent, or 
less than that of a conduclorl. Hence the last term on the right is, 
very likely, almost entirely electron conductivity. The tempeialure effect for 
the solid is easily .seen to be entirely due to the elastic lattice. The data indicate 
little or no temperature effect in the liquid state. The sharp decrease of thermal 
conductivity at the melting point fiom the solid to the liquid condition has not 
been explained. 


In a .solid each aloni vibrates about a mean position (wliich is fixed) 
independently of the remaining atoms. In a liquid the atoms vibrate about mean 
positions which while not fixed move with velocities small compared with the 

velocity of the order of inagiiilude \/ — ^ with which the atoms vibrate. This 

^ VI 

simple picture^ of a licjuid near its melting point has furnished valuable 
information regarding the physical properties of the liquid near the melting 
point. 


(iuggenheim and Fowler^ have shown that if there are N positions of 
minimum potential energy in the quasi-crystalline liquid and that if each atom 
moves about a position of minimum potential energy in a field corresponding to 
an isotropic three-dimensional harmonic o.scillaba' of freiiiieiicy v/ and il the 
I'orresponding frequency in the solid is denoted by v, , the entropy of melting 
is given by 


A. 

r, 


3 Ko log f Ko 


where A,,, is the molecular heat of molting, T,„ the melting temperature, Ko the 
Boll/.man constant. The exjiression given above is based on the assumption 
amongst others that the vibrations are effectively classical, /a ., that the 
temperature of melting Tm should be large compared \\illi the characteristic 
» 

teniperatnre " Mott and t'.uniey have iwinted out that it is only a rough 
Ko 

approxiiiialion to retain th<? extra factor c in thv partition function as 
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li;is done by l!,yiii)g. 'J'lie true factor is n(.it a constant but \’<uies ill,)' 

tLinpcrature bccoiiiiug more nearly unity near the melting point . In that case 
ilic term Ko in the above equation will fall to a very small fraction of K„ and tlp^ 


iactoi containing ’ bec'omes more important. Mott' has apidied these consi 

V f 

derations to exidain the change in clectiical conductivity on melting accoiiling 
to the modern theory of electronic conduction in metals. 


According to Bloch', in a pure metal the electrons move to a first 
approximation without resistance amongst the ions which are vibrating in an 
iricgular fashion. It is only to a second approximation that there is any 
interaction between electrons and lattice vibrations so that the conduction of 
heat is a second -order effect. Further, it is shown by Bloch that a finite free 
path is caused by the heat motions of the lattice, so that the free path is reduced 
by raising the temperature. According to this view all the electrons in a metal 
are free but it does not follow that they are all conduction electrons. Actually 
the free electrons in a solid form open and closed groups in much the same 
way as do electrons in an atom and it is only when there arc open groups 
that conduction electrons exist In this way it is possible to arrive at a theory 
of thermal conduction which embraces both metals and semi-conductors. 
'I'lie conductivity dciiends on the extent to which the electrons may be considered 
free, to the ease with which they move from atom to atom under the 

influence of the temperature gradient. 


According to Bethe’ the thermal conductivity at fairly high temperatures 
i.s given by 


K = 



Ko 



M 

III 


(H) 

C \ (/K'y liK'ao 


(leiiolcs the number of free electrons per atom, M and m the mas^s 
of the vibrating atom and the electron respectively^ no the radius of the first 
Hohi orbit, K' denotes the vvtlve number of an electron at the top of the Fermi- 
distribution, H the kinetic energy of such an electron, C is a constant dependiiijg 
on the interaction between tlie metallic ion and a free election which is a property 
of the ion rather than the crystal structure. K' depends only on tlie specific volume 
and so will not alter appreciably on melting. © is the characteristic temperature., 
In the expression for the thermal conductivity the quantities which change when 

mcltiug takes place are K'~r, anti The change in K' -r, is comi>aratively 

dK' uis. 

small since the volume change is at most five per cent, for it can be shown 

that K' ' is nearly twice the maximum energy of the Ferini-distribution 'and 
dK' 

this depends only on the volume. Hence any cliauge in the thenual conductivity 
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fiom ihe solid to tin.- li(|iiid iiiusl Ik- iiUrihiited to a dianj’c in Bidwell's 
ex()eriiiiciils show that tlu; conduc:tivi(y at the nicltiiiK point is almost eiitiiely 
eleetrouic. Jlenee we write for K at tlie iiielliiiy point tlie expression 


K 





<’ 


2 U (,M 
n'-^ni 


K' / ./1-; \' I 
C \ <IK' I /iK'ao 


KoH“. 


'I'lic chalice in thermal conductivity on inciting is therefore niven hy 


/ \ i! - Ani 

x; 

Table i shows the extent to which the hypothesis is in ayreeiiient with 
cxi>criin(jiit. 


lUcineiit 

Na,„ 

T,„ i 

^ 

1 

' (calc ) 

U l>s ) 


1 (Cak/iiK'U) 

1 

'’/i ! 

! 

M 

K, 

K 1 

/iiH 

1 700 

6c)j 



li ()T 

Altniiiniutii 

HUf 

93.^ 


J St ) ' 

1 r,.s 

hciul 

fIJc 


(1 / 1 

1 (SS 

1.7.S 

Till 

(iiol lU'cnuitc^ 


— 

2.81 1 

1 79 

Sotlinni 

h^o 


j .Sk; 

i 

I 

; i>33 

Antiiiiouv 

]h6(' 


— 

i 

5.^s : 

1. 14 

Uismutli 

2 (xn ) 

3M 


•J-9.S 



Alunnuiuni, lead and sodiinii crystallize in the cubic form. Tin is 
tetragonal body-ceiilercd, zinc is hexagonal. Antiomony and bisinulh are well 
known to be of complex crystalline structure and so do not invalidate the 
suggestion put forwaird. These metals are always exceptional as compared w ith 
f)thers. For instance tlie ratio of electrical rCvSistaiice of solid to that of the 
liquid is about ().«5 as compared to values in the neighbourhood of 2 foi* other 
metals. It is w^ell knowui that bismuth contracts on melting in contradistinction 
to other metals. It is also found that the velocity of sound” in liquid bismuth 
is greater than the velocity in solid bismuth iii the neighbourhood of the melting 
point in contradistinction to other metals. Excluding the case of antimony 
and bismuth the agreement between calculated and observed values is fair. 
The lower conductivity in the liquid is due to the greater amplitude of the atomic 
oscillations and not to any extent to the irregularity of the arrangement of the 
atoms as contrasted with regular arrangement in the crystalline solid. For 
sodium and aluminium, the assumptions on which the calculation is based, 
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n.iincly llial T,„ is Kivalci than 


II i' 

K() 


IS liaidly juslilicd and Irihv llic niou^ correct 


, Sp) L'hhioll 


//!•, 

K 0 1 ^ 

hvi 

K()Tr^ _ J 




IKSLI' foi le ratio of ’ ' in tlic table. As rcgaids the values of the values 
1 ' / k I 

air taken from Konno’s'’ paper (the only data found in the literature). The 
diop in conductivity at the melting point found by Bidvvcll in the case of zinc 
agrees with the data of Konno. 

If the decrease of thermal conductivity in liquid metals is due entirely to 
llie change in the value of v, the thermal conductivity ought still to be independciil 
of temperature. 11 is found that the values of thei inal conductivity in the liquid 
slate decrease slightly with tenq>eratare. While Konno's data suggested this, 
his results did not extend far enougli to prove it. But recent experiments of 
Bidwell prove beyond doubt a slight decrease of thermal conductivity. The 
slight decrease in the liquid phase might be ascribed to the disordered state of 
tlie liquid. 

Ill conclusion, it gives me very great pleasure to record my thanks to 
hrofessor A. Venkata Rao 'Pelaug for his guidance during the j>rogress of 
tliis uork. 
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THERMAL CONDUCTIVITY OF LIQUIDS 

By M. RAMA RAO, M.Sc. 

{Krrcivni lor piiblicatiou, November ’6, 


ABSTRACT. Considering a liquid near iLs inciting point as an asseinldagc of a large mmi- 
licr of linear liarmnnir o.soillators each vihrnting with a frequency r and assuming that coni 
iminication of thermal energy takes place at each extreme vihration an expression for the ther- 

... / ' 

mill conductivity of the liquid at tlir melting point is deduced, v/.; , K = a oyA x lafi . / y , , 

V AT V , * 

where 9, is the melting point of the liquid on the absolute .scale of temperature, M the mole, 
ciilar weight, V, the molecular volume. .A brief leview of the subject is altcmpted and it is 
shown that the thermal conductivity K is intimately connected with the free volume of the 
liipiid at the melting point. Calculated valuc.s of thermal conductivity according to the above 
expression are in agreement with observed valne.s 


The thci inai coiuliiciivity of liquids is a subject which has been without any 
general theoretical basis. It has been recognised that the inechaiiisui of conduc- 
tion in liquids must be different from that in a gas. This is evinced for instance 
liv the fact that the thermal conductivity of a liquid decreases with rise of tem- 
perature while the thermal conductivity of a gas increases w'itli rise of tempera- 
lure. In a gas there is transport of the individual atoms from one layer to 
another with a consequent transfer of energy. Between collisons the atoms are 
siqiposcd to move freely over a distance large compared with the molecular size 
and it is essential (or the theory that disparity between mean free path and niole- 
ciilur diameter should exist. In the case of liquids there is in the ordinaiy 
sense no free path at all, the motion being always in an intense field of inter- 
molecular forces, 

Leon Brillovin’ has given a theory of liquid viscosity hi which the funda- 
mental idea is that the impact of molecules gives rise to elastic waves, the effect 
of which is that neighbouring molecules are successively disturbed from their 
positions. The theory is an attempt to transfer the general theory developed by 
lunstein and Debye for specific heats of solids and liquids to the field of liquid 
viscosity. The final formula which gives the temperature coefficient of visco- 
sity in terms of the thermal conductivity and the velocity of sound fails by a 
factor of nearly 5,000. In 1923 Bridgman® put forward a theory of thermal 
conduction in liquids lu which the energy difference Iietw'een adjacent molecules 
ill the direction of temperature gradient is to be conceived as handed down a row 
"f molecules with the velocity of sound. He arrived at an expression foi the 
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thermal conductivity K iti terms of the velocity of sound V and the mean mok- 
cular distance. Although this simple picture gives approximately the absolute 
value of the thermal conductivity at the ordinary temperatures, it does not ex- 
plain quantitatively tlie variation of thermal condir-tivity with temperature. Ii 
does not account at ,all well for the phenomena (;f thermal conduction under 
pressure, In iow| Debye ' suggested a complicated equation for the conductivity 
of a solid which can readily be reduced to one exactly like Bridgman’s by substi- 
tuting the li(iuid values for the solid ones, with the exception that the constant 
.’ in Bridgman’s expression is replaced by i/e. Thus Debye's values are only one 
quarter of Bridgman’s, Kardos^ has modi lied Bridgman's theory by ailowiiig 
for the diameter of the molecules. Kardos introduces in his expression a factor 6 
which is the mean distance between edges of molecules and suggests that as a first 
apiiroximation S be assumed constant and equal to 0.45 x jo cm. Kardos gives 


expression to calculate S, 



(r 


where C'l is the inner repelling force of 


inolecliles, is the volume compressibility, the mean molecular distance. An 
examination of the above relation shows that the equation is dimensionally in- 
correct and does not seem to have any physical significance. Weber"^ in jSSd 
suggested an empirical relation connecting the thermal conductivity of liquids 

K 

with their Ollier properties, namely, = con. slant and later modi lied to » 

’ />C. 


K 

pC 



“constant. 


Here f> is the density of tJie liquid, C its specific heat, and m its molecular weight. 

/mV . 

The factor I — is seen to be proportional to the mean molecular distance. 


Weber’s ow'u data indicate a surprising constancy of the modified expression but 
later discussion by Aubel has disclosed considerably greater variations than 
supjioscd by Weber. Smith's'' emiiirical equation for thermal conductivity 
involves a number of constants and is sufficiently complicated to merit any 
discussion. • 

It will, be seen then that none of the older attempts have led to results which 
can withstand comparison with expeiimeiital results, in particular with the recent 
hifeh pressure results of Bridgman which enable thermal conductivities at constant 
vohiinc to be comimted. As a result the study has hitherto consisted largely of a 
collection of more or less wcll-estahlislied empirical relations niostly of limited 
scope. In..genetal, lack of agreement with experiment is the chief reproach that 
can be levelled against older thcorie.s. 'I'he theory of liquids should he 
api)roached not as has hitherto been done from the point of view of the kinetic 
theory of gases, which was constructed to deal with matter w here the Spaces 
between the jjiolecules nrc large compared with the. size of the molecules but from 
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/6J 


the point of view of the solid state, the density of wliieh is not markedly different 
Irom that of the liquid state of the same substance. In a solid the atoms vil)ruie 
about rnean —positions which are fixed. In a liquid at temperatures hear the 
melting- pbiiit, it is now generally i-ecoguized that the atdms vibrate about mean 
positions which though not fixed move slowly c'omi)ared with the velocity of the 


order of magnitude 

' HI 


with which the atoms vibrate. The most direct 


evidence for this is afforded by the specific heal of substances which have within 
(*xi»erimental error (7%) the same values (in the neighbourhood of 3R) for a given 
substance in the solid and liquid states near the melting point. Further evidence'^ 
is given by the rates of diffusion of gold in mercury or of thorium B in non- 
radio-active liquid lead. If one compares the numbers with tlie formula for the 
(lilTusion coefficient 1) in gases D- \ir where / is the mean fiee path and c the 
mean molecular velocity, one finds on setting i eqxial to a (piantity of the order of 


/KT 

uiagnilude \/ that I must be taken to be about 1/ 100 of the intcr-atomic 

V 

distance. A theory of viscosity of liquids lias recently been given by Andrade^ 
lused on the same hypothesis. Based on the same hypothesis a theory of surface 
tension in liquids’* at the melting point has been proposed by Sibaiya and 


Rama Rao. 

Tet us treat the atoms of the liquid as though they were vibrating about slowly 
displaced equilibrium po.sitions. We shall also suppose that each atom vibrates 
with a frequency v which is the same for each atom altliongh it is probable that 
ill a real liquid the frequencies will not all be exactly the same. The arrange- 
ment of molecules in the liquid stale is not fundatnentally dissimilar to the 
arrangement in the solid stale — the difference in the two states being brought 
uhont by tlie large amplitude of vibration of the atoms in the liquid stale. Hence 
a li(iuid at its melting point is regarded as an assemblage of a number of harmonic 
oscillators, each vibrating with a frequency v about a .slowly displaced equilibrium 
position and with an amplitude which is comparable with the mean molecular 
distance. In dealing with the problem of heat conduction in liquids v^e are 
concerned with the transport of thermal energy by the molecules. We shall treal 
the whole system as though there were merely a superimposed disturbance wliich 
transmitted by the molecules, thus neglecting the effect of the superimposed 
disturbance on the original system, t )n the basis of the assumptions an estimate 
ol thermal conductivity from other physical data such as can be found in tabics 
‘ be made- A preliminary report’*^ regarding this lias already api)cared in the 
" Rhysical Review.'* Such an estimate is a desirable feature of any theory of 
dicinial conduction in liquids because the more complicated theories, based on 
<^oijsideratjons of Ixirtition functions, have failed not onlj" to provide sucli an 
csirinate, but have in general invoivud iiudelerniined parameters in such a way 
that any experimental verification is difficult, except in the matter of generalities. 


4— 1423P— III 
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d'B 

Let there be a tliennal energy gradient along the ^‘-axis. Let us 

aA 

consider layers of molecules parallel to the direction of the thermal energy gradi- 
ent and the molecules to be vibrating in random directions. We, shall suppose 
that on an average 1/3 of the molecules are vibrating along each of three direc- 
tions perpendicular to one another, The difference of energy between two layers 

is wlierc is the mean molecular distance. According to our assumption, 

since the ami>litudc of vibration is large at the melting point, molecules of one 
layer come into contact with the molecules of the neighbouring layers at every 
extreme vibration. When there is a contact (of very brief duration), we shall 
assume that the excess of thermal energy is communicated. A molecule of a 
given layer conveying thermal energy crosses a plane normal to the direction of 
drift twice in every complete vibration. A molecule of the adjacent layer also 
crosses this plane twice in every complete vibration. If v is the frequency of 
vibration of the molecule, then the transfer of thermal energy per unit area per 

unit time is given by ~ v where ™ refers to tlie n umber of molecules 

3 dA (r^ 

in unit area. This, by definition, is equal to the product of the coeflicienl: of ^ 
thermal conduction and the temperature gradient ; hence we have 


4 ^ I 
iZ 3 cr2 


dU 

dZ 




3 dO ‘ 


The average energy (both kinetic and potential) of a vibrating molecule is 
where k is Bolt/mann constant ; hence we have 

K==4A’’ 

(T *” 

For V we substitute the Lindeinaini expressimi, r/c., 


V=2,8Xfo'2 ./ ^ 

' MVj 

vvliere 0 , is the melting point on the absolute scale of temperture, V, the jnolc- 
cular volume and M the molecular weight. Liudemann’s theory is based upon 
Kinstein’s formula for the frequency of vibration of an individual atom in a 
regular array which implicitly a.ssumes a single frequency i'. I.,indemann assumes 
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hartnojiic vibration characterized by 


V 

(ir^ 


f and 

2n 



\^llicll liilives a inaximmn kinetic energy == — , whcie A is the 

-1 

.uiiiditude of the vibiatioii. Iviudeinaiiu assmiies that inelting lakes place when 
the vibration amplitude attains a value i/:;>So \\ here fr is the mean molecular 
tlisUuicc and the distance between the peiiphcrics of the atoms in their enuili* 
iMiiuii positions. Then 




2 — 


^r^SVSm. 


hv 

hv~ 


Ijiidemaim 


takes 


hv 

kO, 


smalj, so that as a first approxiiuation 




ttS 


wiicre M ia the itiolcc'ular weight, and R is the gas coiislaiil. 'I'his is fiulher 
wiitteii in terms of the molecular volume V, because is proportional to V , , 
hence we have fiually 


v=C 

V MV, 


I'he value of S being unknown, Lindemaun found r by comparison with lire best 
r allies for i' found by other methods for certain bodies. This naturally involves 
the assumption that S is the same for all substances or in other words thal 
('.rimciscn's rule is true, which states that for all simple solids increase in volume 
fioni absolute zero to melting point is about the same fraction of the volume, viz,, 
7-5 per cent. Above all lyindemann's formula involves S which is a measure of 
the free volume so that v involves this quantity . 


For <r we substitute where N is Avogadro nuinber. It then 



lullows that the thermal conductivity K at the melting point is given by 


K*»a.o 96 X JO' 


y, 

\ / 
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'I'Ik* constant j.ogbx j<> ' involves the factoi S wliicli has l)ccn uhsumed tu be Uk 
same lor all types of molecules, ^riiis is hardly jnsliliod when vve considcT difl'ci 
ent shajjes of inoleciiles. The cojistaiil may have to be modified when moic 
piecise methods of calciilalioii are available. In 'J able I are given the calculated 
and the observed vahtes of thermal conductivity. In some cases, wheie the vaiia 
tiun of thermal conductivity with temperature has bec]i studied, the extrai^olatcd 
values at the melting point arc recorded. As regards liquid metals they stand in 
a class by Iheiiisclves because tlic contribution of the electrons in Ihe metal in the 
inoccss of thermal conduction lias to be dealt with, which really forms the majoi 
contribution for tliermal conduction in metals. In the i>reseiit investigation only 
dielectric liquids are considered. 


TMiiai I 


I ; TJiriinal t(»iuluUi\ ily iit uitlting point 

Sivl^slaiiri' I iMclhng iM.iiit in "K ; , _ 



'* 



Caknlatcd 

1 Ohscrvcd 

Car hen Ic tnirlil. trick' 




1.124 

Aniline* 



i i 7.30 

I 730 

Cliloroft/nu 



; i .SMI 

J,3S.! , 

IiicIUn I clht t 


1511 

j J .sh<' 

1 

1,381* 

Ik-nzcnc 


2 VS ] 

j 2 M 1 J, 

1 (177 

Chloro'bcn/cm 


.njV-S 

i 1.^23 

J.S()I 

Muoro'lKiKCiK 


■43 J s 


1 

liromo hiii/A’iK* 



1 ,2it3 


loilo-heii/.cne 


h 

l.ui.'l 

1.331. '' ' 

A\ I'tic ai'icl 



' i 

, i-gitf 

J..J70 

Ia<inid siilpliiit 


3SS 



,, uxygon 


54 

* 3.170 

2.0tJl 

„ nitrogen'll 


^2 5 

3. (>40 

2 U75 ■ ' 

The calculated 

values aic of the 

right Older and places the conductivities of 


substances like liquid .snlpluir, oxygen and nitrogen in the right, sequence of 
magnitude and gives their lelative magnitudes. 

The question of tlie variation of thermal couduclivity with inessure and 
tcmtierature will be dealt with separately. Also the relation between the liquid 
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structure and the cuustaut occurring in Liiideinuun's t'oi inula will be coiisidered in 
A bciiarate paper. 

Ill couclusiou, it gives me great pleasure to thank I’rof. A.VenkatKao 
'rdarig for his valuable guidance throughout the work. 
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structure; of the electronic bands of the od 

MOLECULE. PART V. A-DOUBLING , i 

By M. G. SASTRY 


{Received for publication, Deccmbcj 5, jo^i) 

ABSTRACT. The A-donblinj^ in the states of the OD nioleeulc has been exatninetl 
11) Hie light of MulHken’s deductions from Van Vleek s theoretical etjuatitjus The doublet 
diflerence IK) is found to vary nearly linearly with K Comparison ol the 
1) inbling in OTl and 01) molecules has confirmed the conedusion of John.ston that it is smaller 
for f )D than for OH, Th(' ratio is determined to be about 0*31 slightly higher than that obtained- 
by Johnston. 


I N T R 0 DUCT 1 O N 

The theory of A -type doubling has been developed especially by Van 
VIeck* for 'II, “IT and other states of diatomic molecules. Mnllikcn,^ in a 
coiiiprehensive paper, restated Van Vlcck's equations in a convenient form for 
iipplicution to experimental data. The following expressions have been deduced 
for the doubling (in Mulliken’s notation) : 

8>'2.. = [(4/’« + <lo)(i + 2A’->-y..V-M +2qoX-H]-l){j + ii)MjH) ... (i) 

+ 2 QnY“M/-^) f/+ii).j (/+J)- ( 2 ) 

Hence 8va,,, (/)-Si/,,, J7)-^{/)o + 29o)(/-*' J) b) 

Svg,/. (/) + 8 vi,/,(/) = L(/’o + 2(Jo) ( 2 -y) (J-ii) 

+ 49 o( 7 -i)f 7 + J)(;+ii)lA-'. ... (4) 

iVIiillilccii applied equations (3) and (4) to a number of molecules among which 
are the OH and others which correspond to intermediate coupling case between 
(<() and (b). If was emphasised that, for large values of J, the ' effect of 
"rotational stretching’’ of the molecules must be considered in evaluating the 
constants. 

Dawson and Johnston® and later Johnston,^ while investigatijig the structure 
of the OH bands, have examined the question of A-doubling ForT^=o, i and 
they have shown that the difference (ij(K)-^2(l^) which in Mulliken’s 
notation is the same as S'2)2rf,(J)-8rirfriJ) varies directly with K and not with 
(K + They have concluded that Van Vleck’s theoretical equation has thereby 
failed, to fit for OH,' by quite a large factor. Mulliken’s deduction [refer 
'•qnatioii (3)] shows that the variation is in keeping with Van Vieck’s theory. 

In the light of data obtained by the writer of the A-doubling in the states 
of the OI) molecule au attempt is made to examine this question, 
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K K S 11 h T vS 

All the values* of the A-doubling for the two components of the ®n states 
corresponding to — i, 2 and 3 have been collected in Tables I and II. For 
each state, the mean values are bbtained utilising the data of different bands 
having the same final state. (The convention of ‘signs’ defined by Mnlliken, 
l(u\ r/7., p, if)3, has been adopted.) * 1 
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cc o 






172 


M. G. Sastry 

COMPARISON O I- OH A.N D O D 


Distinct from the conventional method of studying the isotope effect in band 
spectra, Johnstoti^ referred to the isotope effect in A-doubliiig in the ^11 states 


Tabkk hi 

A-doiiblet differences — for 'i'" — o, in OD bands 
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Table IV 

A-doubline in states of OI) a,ul ( )1I „,oleculos 
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of llic ( )11 and the ( »I> niolcvnlcs. Curves liave been drawn by him (from as ye( 
ntipnldislied data) sliowinj; tile variation of the doubling with K for the stale!, 
“JI . and “llj for "a"--o in the case of the two inolecnies. The doubling in the 

( )1) iindeeule is found to be inueli .smaller than for the ( )H molecule for the saim 
value of K. The ratio of the spacings is staled to be 0.2S4. 

Table IV presents the values of < 5 jjj^and for the state foi 

v” — u, I, 2 and j. The data on the ( )D bauds are due to the writer and those on 
the ( )H bands are quoted from Daw'sou and Johnston’s paper,’’ with the signs 
changed. The rowlts are presented in curves (h) affld (c) for tlie two isotopic 


'K 



ClKVH (li) ClIKVIv(r) 

molecules for v" - v and 1 . (These curves slope downwards and not upwards 
as indicated by Johnston if Mullikcn’s convention of signs referred to above is 
adopted.) The curves clearly indicate that, in magnitude, the A-doubling in 
the ( ) 1 ) molecule is less than that in ( )H for the same value of K in all the 
vitvational states. The ratio between and is on an average about o.ji. 
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The autlior desii'cs to expa-SB his siialcful ilianks to Dr. K. R. kao for iidp 
am! Jiiiklaiice in llic course of the woik audio the Amlhra Djiiversily for the 
auaul (:)f a l^eliovvship wliicli eiiablcil him lo'pursiic this invustij-iatioii. 

AMUiKA UNJV’KRSrrv, 

WaUaik 


R U V IC U J* N C H S 

’ Van Vlci’k, l^liy, Kcv., 33, i\6‘] 

.Miillikcli, i’// v. Rcv.^ 38, S 7 (i 9 ,u<- 
’’ Dawson and Johnston, Pity. Rcv.^ 43, ySo 
* loliiivston, Phy Rev , 46, ( 1934 ). 
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PHOTOMETRIC STUDY OF THE PROFILES OF THE 
FRAUNHOFER LINES IN THE SOLAR SPECTRUM 

PARTI, Mg b. GROUP 
By Y. PARAMASIVA RAO 

AND 

C. K. ANAN rHASUBRAHMANYAM 

. ‘ {Received for [yifblfration^ Janutnv (), 

ABSTRACT TJic* paper consists of the results of the photonuTrii^ stuflit s carrier! out by 
iln' aiitlirirs (luring; the last year. After a brief rlevSm’ption of the improvements and refine* 
ttieiits i)erfertcd in th(' Direct-Reading Photr>-elccti i<' Spectrophotometer debcribed Iry 
Niirny^in R^id Anantliasubrfihmanyam, the use of the instrument in the study of the line contours 
iv rHsoussed. Contours obtained by photographic ph(»tonielrv and this instrument ajre given. 

Accurate measurements of the intensity distnl)Utioii in the a^.^orl)lioll lines 
ill tlie solar spectrum at various points acioss the sun’s disc aie ncccssaiy for a 
coriect appieciation of the medianism of absorption in the solar atmospheie. 
All the strong lines in the solar spectrum have been studied by more than one 
author ; but the results of tlie different workers do not show the necessary 
degree of agreement that it calls for further woik. In continuation of the w oik 
carried out by Royds and Narayan’ on the strong lines cf hydrogen and ionised 
calcium, a study of the mg. b group lines was undertaken 

All the measurements of the intensity distributions in the absorption lines 
have been made till now by the method of photographic photometry. This method 
yields accurate results if suitable precautions are adopted. But it is involved 
and laborious requiring separate callibration niaiks, etc. In recent yeai? attempts 
have been made by some physicists to use' a photoelectric cell and ah ainpUfur 
to measure the intensity di.stribution in spectral lines diicctlyMiithont letouuc 
to i)I;otography. In a paper oh "A Precision Reading Pholo-electiiO Spcctro- 
photometer ” Narayan and Ananthasubrahmanyam® have dcsciibed such' a 
photo-electric, photometer. The instrument was constructed by them at the 
Solar Physics Obseivatory and forms a permanent feature of , the equipment of 
ilic Observatory, lu the present paper the results obtained by the photographic 
method and with the direct-itading jiistiument are given. Since the in.strumenl 
was pet up, many iiiiprovemeuts have been made in the light of experience. As 
ihis Ls the first paper, reporting results with the improved instrument a ’short 
account is given of the niodifications. The chief advantage of this method o,ver 
pliotographic photometry lies in the saying of time. 
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DIRICCT-RR ADI NO P H O T O- E D E C T R I C PHOTOMETER 

I'lie photo-electric current due to the light from any point in the si)ectral 
line is very iiiinutc and needs an amplification of many times. A single tulx- 
aini)Hfier was first tried and found unsatisfactory. Fluctuations in the voltages 
of the filament and plate batteries cause a gradual drift in the zero reading of the 
galvanometer which measures the amplified current. Among the various ampli- 
fication circuits tried, a two-tube balanced circuit described by Dubridge’ has 
lx.'en found most satisfactory. When the circuit is properly balanced, variations 
of battery voltages do not affect the gtrivanometer and the measurements are 
thus more reliable. The circuit and the metlicd of balancing are essentially 
the same as given by Dubridge and hence are not described here. 

Osrani electrometer triode tubes have been used in the amplifier circuit. 
'I'liey have a very high grid input resistance equal to io'“ ohms. On account 
of this very good grid insulation greater amplification can be achieved by using 
high grid leak resistances. Some difficulty was experienced in preparing suitable 
grid leak resistances high enough to take full advantage of the grid insulation of 
the valves. Kesistances of the order of io“ ohms arc usually made with xylol- 
alcohol mixtures enclosed in soft glass tubes with sealed-in platinum electrodes 
or by drawing Indian ink or lead pencil lines on paper or unglazed porcelain. 
The authors have tried all these and found them unsuitable due to residuaJ 
and variable polarisation. The material finally employed is colloidal graphite. 
It forms a tenacious coating on glass, the resistance of which depends on the 
density and the thickness of the film. 

A piece of pyrex rod about 8 mm- in diameter and 6 cm. long is ground for 
a space of few millimetres at each end by holding a piece of emery paper against 
the rod as it is rotated and a narrow longitudinal grinding is then made along 
the length. Fairly concentrated aqueous solution of colloidal graphite is applied 
on the ground portions near each end of the rod. Brass caps with projecting 
wires for leads are then cast on the ends and a concentrated dispersion of colloidal 
graphite is then brushed on these caps and the rod down for a few millimetres. 
The fine longitudinal grinding is then brushed with a very dilute aqueous 
solution. In order to obtain adhesive and durable iilms the glass surface should 
first be carefully cleaned and dried in warm air. The colloidal graphite films 
function best after being baked at a sufficiently high temperature which ensures 
the removal of all moisture. The resistances are finally dipped in glyptal 
lacquer and allowed to dry. Tests* made on these resistances indicate that they 
arc free from polarisation, and have also a negligible temperature co efficient. 

As the amplification is very great it is necessary to screen the amplifier 
thoroughly. In this case the photo-electric cell with the amplifying valves and 
grid leak resistances is placed in a heavy cast-iron cylinder for the purpose of 
cuttiirg out electrical and magnetic disturbances. The cylii^der was then 
evacuatcrl by means of Cenco HyVac pump. Ttiis evacuation renroves any film 
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of moisture from the valve surfaces and improves the insulation, resulting in a 
marked improvement in the performance and considerable increase in sensitivity, 
The amplification circuit so constructed was highly sensitive and steady. 

The mechanical parts have been described in detail in the earlier paper. 
A scanning slit of adjustable width can be moved across the length of the 
spectrum by a micrometer screw worked by a divided drum head. The rotation 
of the drum head through each division displaces the slit through 0.005 cm. 
Hut the drum can be worked at smaller intervals. The light from the scanning 
slit is deflected by a. right-angle prism and reaches the photo-cell. A sensitive 
jialvanoineter is fed with the amidificd current and the deflection of the galvano- 
meter is a measure of the current. If light from successive points in any absorp- 
tion line is allowed to affect the i>hoto-electric cell, the corresponding deflections 
of the galvanometer are proi)ortiona] to the intensity at those points in the 
si)ecira1 line. The resolving power of the instrument depends on the width of 
llic scanning slit which was kepi siiflicienlly nairow. 


JC X P li R 1 ivr F N T A I. 

A .F)-fool concave grating sped rog raid 1 in Kagle mount was emidoyed in the 
photographic method. The phulogiaphs are made in the third order, giving 
a dispersion of 0.9 X per mill, in the region 5100 to 5200 A. Since stray radiations 
due to reflection and scattering by the optical parts are a troublesome source of 
enor in this tyiie of work, special precautions are taken to reduce it to a minimum. 
All the inner parts are painted dull black and several diaphragms are mounted 
inside so that there is no chance for any light to be reflected into the spectrum 
from the inner walls of the spectrograph. A double monochromator which allows 
only the small required region of wavelengths is used in front of a slit of the 
speetrograi)h. This device reduced the scattered light to the minimum. As the 
monochromator filtered out the other regions of the spectrum, overlapping of the 
different orders was also overcome by this device. 

The vSun's image is formed by the i3-iiich object glass of the Observatory 
fed from an 18-inch siderostat. The diameter of the image is about 60 mm. 
The Sun's image is formed on a plate in front of the vertical slit of the double 
monochromator. On this plate concentric circles were inscribed to facilitate 
accurate guiding of the Sim's image which was kept concentric wdth the circle. 
Ill order to obtain spectra from different points of the Sun's disc a series of 
small holes are drilled along a horizontal diameter of the circle and their positions 
are accurately measured. By displacing the slit plate horizontally so as to bring 
any of these holes exactly central on the vSl't of the monochromator, Sim’s image 
also being displaced to be coucenlric witli the iiisci ilx;d circles, spectra would lie 
olitainc'd from differentiioints on the Sun's disc. 

6— 1423P — III 
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A step wedge was used to record the standardising spectra in the pJ^oto* 
graphic method. The wedge was alw'ays placed in front of the plate for which 
l)osition it was* also calibrated. All the spectra on any one plate bad Wentically 
the .same expo.surc. The necessary precautions have been adopted in the proce5.s 
of development. The plates were microphotometered with the Cambridge photov 
electric microphotometer of the (Jbservatory . The densities on the plate were 
converted into the intensities with the aid of the calibration marks. 

In the measurements with the direct-reading instrument a glass Uttrow 
.spectrograph giving a dispersion of 4.4 A per mm. has been used. All pre- 
cautions necessary to minimise .scattered light .were observed. But the mono- 
chromator was not employed with this method. The rest of the arrangement is 
the same as in the other method. The background in the neighbourhood of the b, 
line gives a galvanometer deflection of al)out 25 cm. w'ith the scale at a distance 
of j nictre. The drum head is set at successive intervals and the galvanometer 
deflection is noted in each position. 4 to 5 Angstroms on either side of the 
centre of absorption line, until the intensity reaches the background, arc thus 
covered. Where faint absorption lines are present, observations are made at 
closer intervals. Knowing the dispersion of tlie spectrograph and the pitch of 
the .screw, the drum readings can be converted into wavelengths. The galvano- 
meter deflections plotted against the wavelengths give the intensity distribution in 
the spectral line. 

By the photographic method four separate measurements are made and the 
mean values are reported. With the direct- reading instrument more observations 
(eight) could be made on account of the ease of operation ; the mean value is 
adopted. Observations were taken only under conditions of good sky. By the 
photographic method measurements w'ere made upon the 3 lines at the centre 
of the sun’s disc, equatorial and polar limbs and at other points across the disc. 
1'he studies by the second method were confined to the centre of the sun’s disc. 

K I? vS P L T R 

(a) Plioioaraphic Method . — The intensity dislribulioiis in the.„bi line 
(A = 518.^.62) of mngncsumi at the centre of the sun's disc and the equatorial ami 
polar limbs aje presented in Table 1. The intensity at every point is expressed 
as a percentage of the back .ground, which is chosen from a point free from absorp- 
tion near the line. The absorption in the line is not symmetrical about the centre. 
'Fhe readings given in the table correspond to the mean of the intensities at 
cijUal distances on either side from the centre of the line. The distance from 
the centre is expressed in arbitrary units chosen for convenience. In the estinia- 
tion of intensifies faint tib.sori)lion lines on the photonielric traeg are snioptjied 
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The absori»tiou is grcalcr at tlie ceiilre of llic sun's disc than at the limbs, 
bill it is evident that there is little difference between the equatorial and polar 
limbs. The distribution of intensity in the b, line at the limb and the centre is 
plotted in Fig. i. 



Fig. 1 

Distribiitiun of intensity in the line 

"rhe profiles dl the lines, X = 5i83.62, 5172.70 and 5167.33 liavc been studied 
at the .centre of the disc, the limbs and at four other points on the dik. Kvoty 
line shows,a progressive decrease in absorption as we proceed from centre of 
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the disc to the limb. 'Die inleiisily distribution tables corl■espolldm^^ to different 
points on the sun's disc arc not presented, as in the present state of the theoretical 
knowledge of absorption the equivalent width is more important than the actual 
liroiilcs. The value obtained for the equivalent width of any line depends to a 
certain degree on the point to which the extreme extent of the line is judged 
to stretcli. Care has been taken to estimate the extent of the wings as accurately 
as possible. Table 11 gives the equivalent width of A~5i83.6-i X line at different 
jioints across the disc. The distance of the point from the centre is expressed as 
a fraction of the radius of tlic sun s image. 
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Tables 111 and IV aie similar to Table II but correspond to the lines 5172.70 
and 5167.33 X. The equivalent width which may be considered to be a measure 
of tte Jotal absoiplion diminishes from the centre of the disc to the limb. 
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Unsold lias derived the formula that ill the case of absorption lines where 
llic Doppler broadening is small the equivalent width is given by 


VtC^ ^ 2 

wljcrc W is the equivalent width, is the wavelength at the centre of the 
absorption line, N is the numlier of absorbing atoms per c.c,, / is the oscillator 
slieiigth for the particular line and H is the height of the atmosphere. If the 
Doppler broadening is large enough to jiredoniinale to such an extent that 
ladiatioii damping may be neglected altogether, the equivalent wo‘dtli is given by 

W= ~ _ AgNH/. (2) 

inc^ 

Neither of tlie equations correctly represents absorption lines in the solar speclruiii 
where Doppler broadening is neither loo large nor negligible. Where both 
types of effects arc present, equation (i) gives the upper limit and (2) the low'cr 
limit of the number of atoms. The NH/ values presented in Tables II, 111 and 
IV are calculated from equation (1) and hence represent the upper limit. From 
the equivalent Width of any line at different points on the disc it is possible to 
calculate the density of atoms giving rise to the line at different heights in the 
Slinks atmosphere, if /, the oscillator strength, is known. For the magnesium 
line, / has not been theoretically evaluated. So no attempt has been made to 
calculate the actual densities. 

The sum rule of Burger and Dorgelo predicts for the intensity of the Mfj-b 
lines, the ratio of 5 : 3 : i. According to equation (1) there is direct propor- 
tionality between W and VNH/ . For all the lines in a niultiplet the thickness 
of the reversing layer, H, is the same. The value of N/ shall be proportional 
to ihe-multiplet intensities. If, therefore, the square-root law is to hold, the 
observed total intensities (i.c., the equivaletJt width) should be in the ratio of 
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S'- lalio of llic total inlcu^itieu at tiib ccntli; ahd the liinl) aic 

fihovvn in Tabic V. They do not correspond to the s(|uaic-root la\\. 
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((•) Piiccl-Rcilding Mcihod.-^’Thc distribution o£ intensely in the <)j line, as 
tneasnredby the direct-reading method, is given in Table Vl, The distances from 
the centre on each side (i.c., increasing and decreasing waveTength) are expressed 
in terms of the drum readings. 
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'fl|e line is plotted in Fig. j. ^he a^mmetry of the line ,is seen 

, li jrly in the figure. For calculating the equivalent width the other absorption 



linos seen in the grai)h are smoothed out and the area w'itliln that curve is 
('onij)Uted. 'I'his gives an equivalent W'idth of 16, which compares well with 
that obtained by the other niethod, The dispersion of the spectrograph used 
v\ ith tlie direct. reading instruiucnt is smaller than that employed in the photO' 
graphic niethod. Better agreement can be secured by using a spectrograph of 
higher dispersion w^th t^e ^waqt readlsilf j^otpipetcr. The detailed d«Ari^>ution 
in 1)2 and hg lines is not given here but the .equivalent widths calculated from 
llie data are presented in Table VII, 

A comparative table giving the equivalent width and central intensity 
obtainetl for the three lines by the autliprs and -niher vyprkers is given below, 

Tabi,k VII 
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The authors have used a double monochromator besides adopting the other 
usual devices to inmimise the scattered light. Spectrograph used in the photo- 
graphic method is of a high dispersion. It can, therefore, be taken that the 
results of the authors are more accurate than those obtained by other workers, 

Tlic measurements by the direct-reading method illustrate the eflicicncy 
and dependability of the apparatus for studying the intensity distribution in the 
sj^ertra! lines. The use of the symmetrical balanced amplifier has overcome the 
tetidcncy of zero drift and rendered the observations quite reliable. The accuracy 
of the ineasmements is as good as that by the method of photographic photometry, 
'riie labour involved in that iiielhod is saved and observations may be made vvilh 
considciable ease and quickness. It is proposed to study the profiles of the strong 
luaunhofer lines across the sun’s disc and in sunspots with this inslriniieiit. 

Tlie authors lake this opi)ortiinity to thank Dr. A L. Narayan, Director of 
the ( )bservatory, under who.se guidance the work was carried out. 
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PROTON-PROTON INTERACTION AND YUKAWA 

PARTICLE* 

By K. C. KAR 

(ReccivcLi lor l^ubiicalion, fantia)y 26, J94J) 

ABSTRACT, A ri^wous formula is derived for protoii.prott>n .scatUTinj^ lakiiiK the 
interaction potential 10 he of Yukawa type, , V(r) c ■* ' . The formula aRrecs remark- 
ably well with the experinioiit of Hcydetiburg, Tnve and Hafstad. II is shown that the fittiiig 
values of A and a give the values of the short range tTiarge and mass of ‘ neutretto’. The 
( barge and mass so obtained are found to be exactly saine as those f if iiies()tron previously 
d( tennined by Heitler from the binding energy of deuteron 

111 a recetil paper * I have developed the theory of proton-proton scattering 
taking the short range potential to be of the type . It may be inenlioncd 
that a similar short range potential was assumed in the case of neutron-proton 
interaction^ in order to explain the spherical symmetry in scatlering observed by 
many experimenters.'* I'he point which appears to me to be in favour ot taking 
such a potential is that it gives a constant value at r-o. Tliis js just uhal is 
loimd within the hard core ill case of spontaneous aiul artificial disintegrations 
of atomic nuclei.'* 

In the present article 1 proirose to study ’ the luoblem ot proton-ptoton 
si’altei'ing taking the short range interaction potential in the form 

V = , (j) 

r 

as suggested by Yukawa/' It gives, as before, splierical byinnictry in neution- 
Iirolon scattering. Furthermore, as V A has the dimension of electrical charge, 
'(s fitting value for proton-proton scatttering at a given angle and given incident 
velocity, gives the value of the electrical charge giving rise to the close range 
iorce during proton-proton interaction. 

Before going into the details of these discussions I first proceed to derive 
the scattering formula with Yukawa potential and explain how ihe formula is 
Verified experimentally. It should be noted at the outset that, as in electron 
J’caltering by nucleus,' I shall throughout take the solution to be bounded and 
shall use the wave-statistical idea of critical approach. 

* Cotnnmnicated l)y the Indian Physical So<’i»'ly. 

7— 1423?— Ill 



m 


K. C. Kar 


It has been shown before '■ ” tliat referring the motion to the centre of mass 
(C-S3^8lem) we have for the first order scattering function 

-z.-. \V(r,)e‘**. ... (,) 

4^ V t/ ^ 7 *2 

where V(r I ) is the perturbing potential, V the velocity of the proton, h' = iMa'®, 
M being the proton mass and /c = . Now , on taking the solution to lx- 

boundeil and on proceeding as before, formula (2) may be easily transformed to 


2 ^ 
coscc^ 


2 e' 


^1X1 ,-2 -- 

Mr'* Vr /' 


F(n.) 


w'here 


and 


■f 


F(»„) = ”/,’'l.sin k'r 'VU)tcli 
’^0 

// = 2/csin ^ 

h 


■ (^) 
(3^1) 
(3-^'0 


and tliu ciilical aiiproach (/o)> which must be always positive, is given !)y 

cosec 


N» 


wliere 


f 


.t* 

<]) 


('l(ro) = ±it'l sin 
"''o 

i!i which the + sign stands for repulsive force and - for attraciion. Forimil;c 
in the t. -system aie jrerfcctly general, holding tor any interaclion 
potential V(r) between two protons. 

If the potential is Coulombiaii and repulsive V= + ' * and so we have from 
(3)— >(3'4) 




^ 1 X 1 (r, -j- cosec® ^ cos Ir'io- ‘ 

^ 2 V T 7 


and 


= Mr. 


^2 ^cosec ^ +T^; ^=1.35 . 


(4) 


••• (4-1) 


If, again, the short range interaction»is attractive and of Yukawa type, we 
have for the scattering function and the critical approach 




^.-afu-^cosk'ro+ “siufc'To 


k' 


i r >■ 




.. ( 5 ) 


V 


V r 
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ro~2.7 X 






) . 0 -90 


As has been already noted, eqs. (4)-->(5.i) are in C-systeui. For experi- 
mental veri6qation wc obviously require them to be referred to the laboratory 
coordinates. In a previous paper of mine ’’ I have elaborately discussed this 
(jiiestion and have shown that the above forninhe can easily be transformed into 
the laboratoiy co-ordinales by simply putting 2O foi being the laboratory 
an^^le co-orclmalc. 

Now, iu casL of piuloii-proloii interaction the potential is partly Couloinbian 
upulsivc and partly attractive of Yukawa type. Thus the total scattering 
function is olotained by adding (,^|) and (5) and we have in L-co-ordiiiates 

^ix,(r. |coscc‘-^t>cos/c',0- S^hl - (6) 


4;r2MA 


‘Y /v-'- ^ 


I , ==«cos fcb'o' + p sin /.’Vo' , 


— jk sin // ; k = 


and the total value of the critical approach is 

.2 

ro' = 2,7x^^^ (cosec 6^4 i) r 2.7 X (sin (6.4) 

In the case of inotomproton interaction it is not possible to distinguish 
fielween the scattering and the scattered proton ; so it is essential that the effect 
of exciiange should be considered in calculating the intensity of scatteiing. The 

scattering function after exchange is obtained by simply putting ^ ^ fur ^ 

in eqs. (6) -^(6.4). Thus we have after exchange 


Mv* V-ur (’ 


U'hcrc 


4»r®MA f 

~ / 7 » ' • * 


= cos li"io"+ sin k"ro" » 
k'' = 2k cos 0 , 
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= X (sec ^ + j) + 2.7 X (cos (9-a)s^%^2 • “■ (7-4) 


When the interacting protons have anti i^arallel spin, an exchange of their 
positions wauld give a new configuration and consequently the total i)robability 
is obtained by adding the coniponenls. < )r, in other words, the total space 
function is symrnetricah Hence, in this case, we have from (6) and (7) for 
the total scattering function 

0 )-- - 7 ; a- v/^, Jcosec''^^ c JS /.■'/</ ^ Pro'' “ r 

... (8) 

In the case of i^arailL'l spin, no iiuw configuration is obtained by exchange. 
So we have to take tl)c diffeieiice of iJic coi]i])oncnts in geltiiig the total pro- 
Ijability. Or^ in other words, the total space function should be taken anti 
synnnetrical. Hence we have from (6) and (7) 




*r \ 

_ ■! cosec® 0 cos A/ro'-scc® 6 cos k"ri)" 




■^^{giii~i:2h)r ••• (9) 


I'he relative intensities in the two cases are respectively 


cosec^O Los^k'fi/ + sec'*# cos® k"to" + jcosec®^ se('®<* cos k'rn'cos k"it,' 


■ igil \ ^ ii'jli) \ (cosec®<' cos A '/o' I scc®A^_n)S A-"io'0 


+ igi)i+S2}-i)r 4cosfl 


sec'*^ cos®A''?(/ ) sec Vycos®A’"7o" ” ~<-’oscc®<? sec®6 cos A'Vo'cos A"r(/' 

2(a’i/i (cosec®(9 cos A’'7i,'~scc®^ cos k"ro") 

I j 2-1 

+ \^figih-K2l2){ Ucos^. ... (ll) 


Now, as the weights of the two events are as i : 3, we have for the total 
intensity I - jl 1 -♦ t >r, wc havo 


coscc'^6^ cus’‘^/v'b(/ i scc'*^ cos^/c'b(/' - cosec scc^ 6^ cos /e'to' cos 


' 2 Ce I /i “* A'bo'+ (ii'i/s - igi/i)scc‘^6/cos P'lo" 


^ (i;i / 1 + gif 2 - g 1 ^'^2)1/2 ) ( — |- 


4 COS (J 2 ) 
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It is a i)erfcctly general formula giving the relative intensity of proton scatter- 
ing in the I^aboratory System at any angle. It should be noted that for ^=45’ 
the formula is considerably simplified, since at this angle k'-k", io'= V'. gi=8s 
and j\ =/e- 

It is evident that the corresponding foiniula, if the force is only Coulombian, 

ih- obtained from (la) by simply putting gi =go = o. We have then 
/ 

^2 



coscc'^^cos^/r:'i()' sec'^O cos^ — cosec^O scc^O COS A*'ro' cos 

.^cos 0 . ... {12.0 

Thus the clotjarlurc from Couloinh scallenug is ohlaincd hy Uaking the ratio, 
7'/..., l-‘ - 1 / 1 (). This should j^ive the correct value of the departure. But.uai- 
fintuiiately, the experinientcis^ often ineasure the departure from IMolt's exteu- 
siun of Born-kullierfoxd formula which has been already shown to be wrong-^ in 
so far as it has neglected the effect of the critical approach. This extended Boru- 
KLiLhcrford formula for exchange dciived by Mott^^^ and also in a different way 
l»y Kar and Basil is known av the MKB-fonnula. It may also be deduced from 
(i.m) by neglecting the critical approach, i.i\, by putting /o'‘=^ro" = o. Thus 
we have 


lMKn = 



cosec'^^^-f sec'^^-- cosec ® <9 sec®^ 


^cos 0, 


(12.2) 


Hence the experimentally measured departure becomes 

cosec"*^ cos®A*'ro'“l*sec Vi> cos®/c"ro"-"coscc®^ sec®^ cos/c’'ro'cosA’^^(/^ 

- {(^ly 1 -yj£2/2)C0SCC^^' COSk'ro' + ig^fz-iSlI i)sCC ^0 COsfc"),/'} 


n- L. = 
I.MKIl 


+ U'l/i + Mhft ~£iS2tih){ -^2 


Mn ® y 


coscc^ 0 "t- cosec®feec®^ 

111 order to calculate the value of D for any angle one iiuisl know the values 
''i fi, /gi ^0' aiid }()'' for that angle. These may be evaluated easily from 

(h.i) — >-(6.4) and (7.1) — >{7.4)^ if the two unknown parameters A and « of Yukawa 
potential are known beforehand. The two unknowns may, however, be evaluated 
by solving the two equations obtained from (13) by substituting the experimental 
values of D for any two angles of scattering. But the method is very tedious. A 
much simpler method would be as follows : — 

As already pointed out, formula (13) reduces to a very simple form at ^—45” 
tmd we have t.* 2 fmr ^ 

4C0S®feV- 4COS k V . ' 1 gV I 

D 45 ^= ! . 


. _ 4Cos®fe'r()' - 4COS kfro^ x + 

' ' ' I 

4 


(13.1) 

(13.2) 
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Mt^ 

where v— Si/i- By judicious selection we take a trial value of^|. On 

suhstitutiug this value in (6.4) we get the value of i(/ for a given incident velo- 
city fr), Again from (6.3) k' is known Thus cos /eVo' and cos^fcVo' are cal- 
culated. AlsoD4r, is known from the experiment of Heydenburg and others. 
Hence on solving (13.2) we gel the value of v Thus we calculate the correspond- 
ing value of j\ and so from (6.2) the value of a the unknow'n parameter in the ex 
poncntial. As ti and g] are known we art now in a position to calculate A from 
((-i.i)- Thvis from one trial value of gj uc are able to calculate a set of values 
of '< and A. We next use the above known values of «. and A to calculate 
Da,, at 0 = 20". If the value of Hao so obtained does not agree with the exj)eri- 
incntal value, the trial value of g, is slightly changed. In this way two or throe 
tiials lielp us to find tlie exact values of g,, » and A (irapliical method is 
extremely useful in getting at the above exact values. Now, having got the correct 
values of 'i and A wc calculate the de]»arture (D) for any angle. 



Fig. t 

Variation of D with the Angle Scattering 

* 

In h'ig. 1 the theoretical curves are drawn giving the variation of D with 
the angle of scattering, for incident velocities 867 K.V., 776 K.V. and 670 K.V. 
The experimental points are indicated by solid circles. It is evident that the 
agreement is so close that no separate experimental curve ueed be drawn. 
It has already been pointed out that \/A has the dimension of electrical 
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I harge. Therefore Y a. I c is the charge in electronic unit which gives rise to the 
siiort range force. In the following table are given the value.s of a and v'A /c 
ohluined from the curves in Fig, i. 


TAm,B I 

Incident Velon'ty | 

! 

a X 10" 

! ■ A*..- 

i 

867 K. 

0 


jyO R. V. 

1 

; o.vli 

070 K V. 

1 

i iS.l^u 


Thus the charge causing the short range force is found lo be ± This 
tiiav be taken as the charge of the Yukawa particles inside the ]>roton. It is interest- 
ing to note that the charge of the Yukawa particles as calculated by Heitlei^^’ 
Iroiii the mass defect of deuteron lies between 51 and yc. Thus the picsent 
method of calculating the Yukawa charge is more reliable and accurate. Further- 
more, according lo Heiller, ^ 3 xo“^'^ whereas from the above table the mean 

^ahie of ^ is 3.5 X to” The above striking agreement suggests that the 

inusenl method when extended to other interactions may lead lo a general method 
of determining the short range charge. 

As, in the present wave-statistical method, the determination of the critical 
approach is very important, it is advisable to discuss the variation of the critical 
approach with angle and how it is affected by the presence of the short range 
attractive force. This variation, as calculated from formula is shown in 
I'ig. Tlie curves A, B and C indicate the variation of the total critical 



Vnriatioti of Critical Approach with Angle 
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approach for incident velocities 867 K V., 776 K.V. and 670 K.V. whereas the 
curves A', B' and C' give the corresponding variation of the critical approach 
due to the repulsive force only. On coni|)aring the corresponding curves A, A', 
etc., it is evident that the efl'ect of the short range attractive force is to slightly 
increase the value of tlie critical approach, which is, however, negligible at small 
angles. 

Before concluding I would like to make a few remarks on the charge and 
mass of the Vukawa particles giving rise to the short range force between the 
protons. This force between neutron and proton or between t\vo protons is 
found to be always attractive. It strongly suggCvSts that the charges causing 
this short range force are opposite in nature and are developed temporarily 
through i)olarisation during the process of scattering, specially when the particles 
are at small distances apart. For, if the charges ± 6c pennaiieutly existed 
within tlic protons and neutrons, it would liave Ix'cn certainly i^ossible to observe 
cases of sliort range repulsion between iiculrcm-protoii and proton-proton. Mow, 
tlie reason wliy tlic law of sliort range potential is different from Coulombiaii 
a[)pears to me to be only due to the difference . in the distribution of charge 
It is well known that for uiiifonu dislrilmlioii of charge on a sphere the potential 
is Coulombian. So it is quite likely that for some siiccial distribution the 
potent ial may be of Yukawa type This is all the more plausible in view of Hie 
fact that tlie dimensirns of the two charges are the same. 

Now, as the short range charges associated with Yukawa particles in case of 
neutron-proton and proton-iiroton interactions are the same (± 6c), the masses 
of these particles must also be ideiiticab It may be calculated in a very simple 
way- As the light quanta arising from the clcclroniagnctic field satisfy the 
potential equation of the type 


AV 


i 

r‘ 


(fV 


= 0, 


(14) 


the corrcvSponding ei] nation for the Vuka\va potential will be of the type 




c^ 


= 0 . 


(14.1) 


F;q.(i4.i) may be regarded as a wave equation for a particle with a rest mass 

... (14.2) 

27rc 

♦ : 

Takiug the ineuu value of « to be 0.2866 x lu’’ (x'lt/r Table I), we find from (14.2), 
for the mass of Yukawa particles, 

in I to.8 electron mass. 

From the saturation properties of the nuclear forces, we know that the 
forces between a neutron and a proton are of exchange tyi>e. Thus the proton 
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gives its long range positive charge to the neutron, thereby converting it into a 
proton, while becoming itself a neutron. A similar type of exchange cannot 
obviously take place in proton-proton interaction, since both the particles have 
tlie same long range charge. Therefore, the Yukawa particles giving rise to the 
sliort range force in proton-proton interaction should possess no long range 
e lectrical charge. These neutral particles are called ‘neiitretto.s.' Thu.s there 
Lire two classes of Yukawa particles having the same mass (Tio.Se.m.) and same 
short range charge ( ± 6c), (/) mesotrons, having long range charge e and 

taking part in ne.utton-i>rotoii interaction, and Ui) neutretlos, having no long 
range charge and taking part in proton -i)roton interaction. 
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ON THE THEORY OF ‘ Q ’-METER AND ITS CORRECTIONS* 

By V. V. L. RAO 

{Received ]or pitblicatiotit Febjuaty ij, 

T N T R 0 D If C 'r I Cl N 

111 coraiiiuiiicatioii engineering, ^Q/ the ratio of effective reactance to 
resislauce at any frequency has great signilicance as a figure of merit of a coil or 
a condenser. 

Q for a coil is denoted by = 
and Q for a condenser is denoted by Qc - 

K/* 

where L., C., U, are the effective values at the frequency f{o>-2nf) considered. 

In order to evaluate the ‘ Q ’ of a coil at different high frequencies, one has to 
measure carefully both L, and R, at each one of the frequencies concerned and 
then calculate the corresponding values of Q, • To obviate this laborious process 
a few British and American firms have recently marketed a very ingenious and 
versatile meter called the circuit magnification or * Q ’ meter, on which the values 
of Q between lo and ^oo, and even up to 6251 can be read off the meter directly 
ill the frequency range 50 kejs to 50 or even 75 tnc/s. The accuracy of measuie 
ment of Q value in the Marconi Ekeo ‘ Q ’ meter, Type TF 329D, is ±5% ± 5 up 
to 10 mr/s. Its frequency range is 50 fec/s to 50 iwc/s. The versatility of the 
meter will be seen from the following list of measurements that can be made with 
such a meter ; 

(i) Q of coils and condensers 

{2) Self-capacity of coils 

(3) Inductance of coils 

(4) Capacity of condensers 

(5) Power-factor of condensers 

(6) Dielectrics and high resistances 

(7) Low Impedances 


Communicated by Prof. P. N. Ghosh. 
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(8) Transinissioii-linc Coiistantss — 

(a) Characteristic Impedance 

(b) Attenuation Constant 
ic) Wave velocity. 

T 11 li O R Y 

A simple theory of this meter is worked out below. 



Fig. 1 

Simplified circuit of a Q-meter 
ft/. L/. 



Ftg. 2 

vS(“ljematic-c(|iiTvaleiit circuit of a Qmiclt r ^ 

ri^. i shows 1 he siiijplified circuit of a Q-iueler and Fig. 2 its equivaleid 
circuit. S is an oscillator covering the desired fieqiiency range and injecting a 
constant voltage ‘ c ’ into the tuned circuit by means of a small coil of indne- 
tame ‘1^7// and resistance * Rfn ’ ihm— -osfxh and =0.0412 in the Marconi 
likco meter). V.V. is a valve-voltmeter, measuring the voltage across the con- 
denser for convenience* Actually» at resonance, the voltage across the coil and 
that across the condenser arc equal in magnitude. R„ and JL„ represent tjic 
apparent values of resistance and inductance respectively, and Co, the self capacity 
of the coil, at the frequency in question. R,^ and ha are lumped so aSuto include 
R,rt, the internal resistance, and Fm, the internal inductance of the source. 

Then, the apparent Q of the coil is given approximately l>y the ratio = V/t , 
when the coil is tuned to resonance by the variable condenser C. When e is a 
known fixed value (say, 20 mv) tht valve-voltmeter can be calibrated to read 
* Q * directly as shown l)elow' : — 

Let i be the current in the series circuit (nci> 1 ccting Co, the self -capacity). 

Then 1= ^ 

Rfl ywLfl 

/u>C 
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or 


;cwC 

I + jZawC 
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... (i) 


()u substituting in cQUiiliun (2) the value of i obtained in eejuation (1) wo get 


V = 


T+jZ„<oC 


- W 


Mill, by definition, magnification = 


V 


f I+jZatoC j +i«»C(Ra +71 dIv„) fl -t fillRoC 

V . 


- (^) 


At resonance V is a ma.\ituum, and then, c being constant, - is a maximum too 

e 


But 

(ir 

Let 

l)=(i- 


{T^^haC^'+iwTaC)^ 


Tiien " j ® maximum when ^ is a maximum, and when ( ^ 

‘ / 

mum, T) should be a miniumin. 

The condition for I) to be a minimum is - n, 

dC 

( )n differentiating exiuession (6), and equating to /.eio, we get 
2(i-a)2L„C)(-<u2U)+2i..^CR?-o. 

This expression, on simplification, gives 

p— 

z;»- 

Substituting this value of C in equation (5) and simplifying results 


(5) 

( 6 ) 


IS a maxi^ 


V 

e 


Za 


= or 


R« 


_ Zo • V _ Ra + JwL, 

J* n 


l.f\. 


y 

e 


c R 


. .«>L« 
=1+7^ 


R« 


<7) 

( 8 ) 

(9) 

(10) 


Thus the valve-voltmeter deflection is proportional to 
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Hence the meter dial can f)€ so calibrated that it gives which is the 

apparent Q of the coil. 

C O R R B C T I O N S 

As stated already, the ‘Q* as read tm the iiieler dial is not the true Q, but 
it is the apparent Q, 

Poster and New Ion’ slate that the following corrections are required for the 
readings of a ‘Q' meter above g Mc/s in the meter they worked with. These 
corrections will be discussed below as to how far they are really warranted. 

The corrections are due to : 

(1) the loading due to the valve voltmeter, 

(2) the internal impedance of the meter source, 

(3) the self -capacity of the coil. 


(1) This does not arise at all in the Marconi-Kkeo or other similar meter, 
since the makers state that a special triode valve (Ac/IIT/HD) having a very 
high input resistance is used. 

(2) Internal imi)edauce of the meter consists of two (principal) factors : 

(a) the internal resistance 
and (b) the internal inductance of the meter. 

Then Qo the true Q of the coil is given by (11) 

Kf 


and 

the ai^parent Q of the coil by ■ 

(12) 


Hut Inf / “■ ly,/i 

(13) 

and 


(m) 


ss; X ~ 

Q« R^ Rr 


or 

(La Lm) ^ Ra 

La (R.-Rm)' 

(i5) 


Evaluatiov of L« and hi : 

La is obtained as follows from the* meter readings. 



Since at resonance /= , — ^ 

2»^Vl„(C + Co) 

{16) 


4 »r®/®(C + Co)' 

(17) 
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where / is the frequency of the oscillator as read on the frequency calibra- 
tion scale and C, the condenser reading on the meter, and C'o, the self capacity, 
which can be evaluated eitlier by the negative intercept method (from the graph 

oi vs. C or otherwise. 

/■* 

If / is in megacycles, C and C,, in fifif, I,„ in fth is obtained by 

25330 . j,. 

/ 2 (C+C„) 


and the true inductance 1,, (in /i/()= ,~U- ... (19) 

r[L \ C(i) 

in lh(j Miucuni'iikco iiictur lljc author used, and may even be 
neglected, when is comparatively large as that 'y’ meter can measure the 
inductance of coils ill the range 5/^// to 25rn/i approximately w ith an accuracy 
of ±3%: 

Thus, if Lm is neglected, then equation (15) rednce>s to 


Q f Qa 




R 

The need for the correction factor - wall solely depend on the relative 

R a R«/ 

values of Ra and R„,. If R,,, = 0.04!^ and R« even of the order of a few' ohms, 
R 

then - — == I, when this correction also can be ignored without appreci- 

R<^ 

able error. 

(3) Correction for self-capacity of the coil is by far the most important 
correction, which need be applied below istncjs. 

An expression for this correction is derived as follows : 

If /o is the natural frequency of the coil, j the frequency at which Q is 
measured then 


'■'“a.v'Eu 


■■■ (31) 


lyct /c® denote the ratio 


4 v/o 




Further, 


\ = hCo 
.'"0 


(33) 


Wo 



m 


V. V. L. Rao 


It is well known that the effective inductance ‘ L r and effective resistance 
R, of a coil at a frequency M = 2nj arc approximately given by the following 
expressions^ where I, and R are the physical or absolute values of inductance and 
resistance of the coii, resjjcctively. These apjiarc-nt values at a frequency / art 
a consequence of the self-cafiacity Co of the coil. 


R L 

O 1 WWW TURTTOJ" — I () 


HI- 

Co 


Fig. 3 

Ivc|iib'alent circuit of a coil al high frequencies 


Fig. 3 shows the equivalent circuit at high freijueiicies of a coil having 
resistance and distributed or sellf-capacitauce. 
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Substituting these values of L< and R,. in equation (12) for Tjo and R„ res- 
'L( I _ -"I, 


pectively, we get Qa =■ 


R(i - //-*) 


(R) 


i.c., 




Actual g= . 

l-Zc’’ 

c 

But k^= ~ as proved in equation (aa). 


(a.s) 
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Expanding h 




... (a6) 
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Q 




and neglecting the terms beyond the second, we get 


which is the only important correction below 15 Mc/s ... (*7) 
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ORDKR OF APPLYING CORRECTIONS 

When more than one correction is required, tliey should be made in the 
following order, after having ruled out the necessity for correction as a result 
of the valve^vollineter loading : 

(i) Internal impedance of the meter 
and (2) Self-capacitancc of the coil. 

At each stage the seiibcorrcctcd values of Q and L should be used for the 
[)parent value of Q(Qfl) and in succeeding corrections. 

Radio Kngineek, 

KUNMENT or Madras. 


R 1^: V K R n N C V, S 

^ Dudley K. Poster and Arlhiir li Newlon, ** Measuriinent of Iron Corts at Radii 
Frequenc ies," Vroc, J R.K,, 29 , 269, 27.^75 ; May (1941). 

Bur. Standards Cire. C. 74 : Radio Instruments and Measurementf?, 133 P937). 


g__I423P-«.III 




25 

RAMAN FREQUENCIES OF HDO'^ 

Bv Y. PARAMASIVA RAO 

[Received fO) Novrmher /. /g,//) 

jMate VII 

ABSTRACT, .Mixtint'ij of wRtpr and lit%avv water hi tW() prnpi)rti(iii?i i : g and g : i- are 
stnditMl. Tlie Riinian freciiu nciVs of H DO iiifiTn d from tlic spectra arc* and These 

uvsults arci-omparcd with data avaihiWc hitherto Changes in the stniclnic of the and 

1). ( ) hands an* also explained. 

INTRODICTION 

In the study of the Raman spectrum of a mixture of water and heavy water 
by I, K. Rao and the author/ it was observed that the intensity of the D2(^ 
hand ill the mixture increased by 50% from the pure licinid, while the HjO band 
did not sliow any corresponding increase. Thii; fact was explained as due to 
the formation of HDO molecule in the mixture. The Raman frequencies of HDO 
are not known with any certainty. Wood^ who studied 18% and 80% mixtures 
concluded that HDO ha.s tw6 Raman frequencies of 2623 and 3445 J his studies 
with the vapour do not give any indication of the frequency of HDO corres- 
ponding to the OH oscillation. Rank, Darson and Bordner,*’ who also studied 
the Raman spectrum of the vapour of a mixture of water and heavy water, could 
teport only a frequency of 2718 cm."’ for HDO in the vapour slate. The results 
of these investigators regarding the absence of any OH oscillation for vapour are 
very interesting. Our results with the 50:50 mixture of HgO and D-jO also 
showed a difference in the 11^0 and D^O bauds in the mixture. We were hence 
led to investigate mixtures most suitable for recording the Raman frequencies 
• >[ DOH, without the superposition of 1)^0 and H2O bands. 

tirey and Rittcnberg^ have calculated the equilibrium constant for the 
reversible reaction, H2O D2U^=^2HDO as 3-s8. According to this the 
smaller the proportion of HgO or DaO in the mixture, the greater will be the 
percentage of HDO molecules compared to HjjO or D2O respectively. If the 
proportion of HDO is very much greater compared to H2O or D20, ii will be 
ims.sible to get the band due to HDO without the bands due to HgO or D^O 
overlapping it. But the proportion of H2O or D^t^ cannot be made too small. 
If il]e quantity of HDO in the mixture I)e small, unduly long exposures would be 
needed- Hence two mixtures of HgO and DgO in the ratios t ; 9 and 9 • * 
volume) are chosen for study. Table I gives the, proportion of HgO, D2O and 

• * Ofiiiniiuiiicntedby Uic Indian Plijwal -Sodetv 
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HIK) ivjolecnles in these mixtures. The corresponding proportions for the 
mixtures studied by R. W. Wood'^ are also given there. 

Tabi.k I 


1 

! 

Mixture 

r>,o 

H./) 

non 

1 

( (/) H./); I),0 i:i) 

Sj 

[ ] 

17 

Nuthor's 1 < 

1 

( (/;1 T 1 «jO ‘ P;j( ) g : I 

I j 

Sl.g 

17.8 

i 

( So% niixturc 

^4 0 

4.0 

.'12.0 

Wofxl'S'' 

i 

f i.S% mix t lire 

.V1 




It is evident that tlie mixtures used by the aullioi are belter suited foi the 
study of Hl)() freciuencies than those of R. W. Wood. 

It X P K R 1 M K N T A L 

The ai)paratus used is similar to tliat adopted in the studies of the 50 : 50 
mixture. ( )nly tlie Wood’s tube used is of a smaller cai)acity of 5*0 c.e. Since it 
is our object to study the Raman spectrum of UDO, the spectra of the pure liquids 
arc not recorded. The lupiids are very carefully dislilled in vacuum, so as to 
free. from dust. A close arc arrangement to^^ether with a glass spectrograph of' 
high light-gathering power is used to photograph the spectra, With this 
arrangement an exposure of about 10 hours was enough to get fair records of the 
HDO bands. Longer exposures which would have given more intense pictures 
could not be availed of, on account of the unavoidable reflection of light from the 
sides of the W^ood’.s tube, since it had a small cross Si^ction. The bands excited 
by the 40/]6 line of the mercury arc are chosen for study. The spectra are 
micropholometered and the frequencies of the HDO bands are measured by 
extrapolating from these curvets, with the mercury lines as the standards. 

R n s r h r s 

The miciophotoiiietric curves concs[)onding to th.e two spectra taljcn with 
o;i and i;g propovtionsof D a( land H^O are reproduced in Fig. i (Plate Vll), The 
Ivand corresponding to the lIDCi oscillation? excited by 11104046 line of the mercury 
arc are marked by arrows. The lower curve corresponds to the spectrum taken 
with the inixture containing excess of and the upper curve to that with 

a mixture containing excess of ). The curves clearly indicate that the band 
due to HDO appearing in the position of the pure D-^O band is much sharper 
Ilian that in the iiosition of the H2O band. Only one of the frtquencits due to 
HDO is recorded in eillic-r picture as the band due to the liquid in excess obscures 
the second HDO frequency lying in iliat region. In each case, the principal 
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hand djie lo the liquid in excess shows soiiui iiiiiioi chaiit;cs uliich aiv to he 
expected from the presence of a socoiid sulistance in the inixliue. These changes 
are similar to lliose found in very dilute sohitiojis. 

I) I SC r S s I o N 

The table yiveu in the inlroduction shows that the nnniher of HIK) molecules 
in 1 Iflt » : D^t )= J ; 9 mixture is nearly sixteen timesthe mimlicr of H.^t ) molecules, 
'riie proportion of IIqO molecules in the whole mixture is less thai. two per cent. 
Hence the band occurring in the region of the Hot) hand must be mainly clue 
lo HDO and not to HgtT Similarly the band in the position Of the pure 1)^0 
liand in the mixture with excess of water cannot have its origin in 1)^0, hut 
must also be assigned to II1)( ). The frequencies of the maxima of these two 
hands arc 3363 cm. and 25.230111.”'. The formei frequency show's that H DO 
has a frequency corresponding to the Oil oscillation and the failure of Wood® and 
Kank, Larson and Boidiier" to get it in the vapour is perhaps accidental. The 
Raman frequencies as.signed by the vaiious woikers to the HDD molecule are 
shown in Table 11. The frequencies given by the author aiso refer to the 


TAIJ 1 .K 11 


! 

1 

Aulh(»r 


l'Vc-'(jiTCiKi(*s lu ( III ’ 


1 

1 

I 

(/) 

1 (0) ; 
i 

(///) 

U.W. Woocl^ i 

3445 (Liquid) 

2(U3 (Liquid) ' 

— 

R.'ink, i^arsoii, liordncr* 

— 

27 iS (Va[)oui) 

- 

Vail VIecU. Cross*' (riilonlatctlil 

>75*' 

27 iu 

j^t If 

Aullujr ' 

35 '\S 

'*'5 “3 , 

.... 


liquid slate. Tlieie is a large difieiencc helweeu the ficqucney given hy Wood 
'2623) and the corresponding \alue of the autliur (2523). Wood did not measure 
from microphotometer records, and the jiroport ion of nj,)0 to U^O is gi eater in 
the mixtures studied by the author, and these values are therefore more reliable. 

The frequencies 2523 and 33630111.”' of the maxima of the Hainan baudsof HD< ) 
are smaller than those of D2O and HgO which are 2538 and 3443 cm. ”M'espec- 
tivcly. The decrease in the frequencies of both OH and ( )D oscillations in HDO 
from those in HgO and D2O respectively is difficult to explain. HDO results 
by substituting one of the hydrogen atoms in HoO by a heavier isotope or one 
atom of heavy hydrogen in D2O by the lighter isotope. That both these changes 
should result in a similar change (decrease) in the frequency is very inleresliiig. 
SubsTiinlioii of an atom by a heavier isotope in the molecule should diminish the 


20& 


Y. P. Hao 


freqiieiicy of any iJurtkuUu oscillation. The change in the frequency of llic OH 
follows this rule, while the ( )I) oscillation docs not obey it, since it is expected 
that the frc(jiieiiry should increase when one of tlic atoms diminishes in 
mass. Tile fiequency coiresijonding to the OH oscillation is niucli further away 
from that in ILjO than the corresponding OD oscillation from that in D^O. 
The influence of the 1 ) atom on OH OvScillation seems to be much more than that 
of the H atom upon the OD oscillation, as seen in the greater change of the ( )I-1 
frcijuency in DOH, This may be due to the heavier mass of the I) atoiih 

In the disci^ion on the 50:50 mixture' it is f>psijiited out that the HIM) 
frequency in the region of the 1)2^ ^ hand is likely to be less than the frequency 
of D2< ) hand. The displacement of the D^O baud in the mixture tow’ards the 
Rayleigh line must be due to the superposition of the DOH band. Though the 
H DO frequency in the region of 11 2O baud is also less than that of pure H^O, 
in the 50 : 50 mixture the inaxiniuin of the H2O band is not displaced in the 
direction of the IIDO frequency. 

The Raman frequencies of HU( ), like those of D^U and H2O, are broad and 
diffuse. The extent of the ^ frequency is 200 cm.“"^ while that of the 

3363 frequency i.s 490 cin.'^. Thus the latter is broader by more than tw’o 
times. ^ The width of the principal bands of pure DoO is nearly 650 cm."^ and 
that of pure water 850 cm,"*’'. These widths are in the ratio of their frequencies 
(maxima of the bands) as required by the isotopic substitution. In the case, 
of DOH, however, the 2523 l)and is less broad (less than half) and sharper than 
the 3363 band. This cannot be explained merely on the basis of the difference 
in the reduced njasscs in the case of the two oscillations. Tt must be interrelated 
with lijc greater change in the frequency of the Oil oscillation. 

No band corresponding to the 1^00 cni.“' is recorded. This band, if present, 
jiiList be much less intense than the olher two. The 1600 cm. band observed 
in water or the 1 200 baud in heavy water is much feebler than the principal 
bands. On this basis, it may be inferred that 1400 on.'’' of H DO is also very 
weak and much stronger impression than obtained here may be necessary to record 
it. The cliffuseiiess and the breadth of llic bands of H DO like those of water 
and heavy water indicate that they have a structure similar to that of H2O or 
D2O bands. Evidence about this can be obtained only by studying thejempera- 
turc effect. A preliminary study with the HgO ; 1)20 = 9 : i mixture indicates 
a shift in the maximum of the 2523 band to 2543 at So®C. This is similar to 
the effect observed in water and heavy w^ater by 1. R. Rao^' w ith increase of 
temperature. ^ 

The microphoiomcter record of the Raman spectrum of the mixture 
containing excess of water shows also the principal tend of H2O. It shows 

* The limits of the 25.23 and 3363 l^and.s are respectively 2433 and 2643, and 
and 3603 cm. 
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MicL-()ph(3tonietric reaird of the Raman spectra 
of the mixture of HeO and DaO. 




Raman Frequencies of HDO 


209 


tlic diminution in the intensity of the sliortei frc(iueiiL-y l oinitoiieiil as idiiiparcd 
In th^ pure liiiuid. The effect is not as pronounced as in the case of the yi ; 50 
iiiixtiire. It is similar to the effect oliservcd with increase of leiiipoiatiirc ni in 
M)lulions. This may he explained as due to a chauRc ui the eijiiilibriuni hetween 
the three types of structures responsible for the three comiionents. According 
lo I. R- Rao/’ the shortest frequency component is due to triple polymers and 
in the mixture a fraction of the trihydrols is depolymerised. Similar changes in 
llic heavy-water band in the mixture containing excess of heavy water arg, 
observed. They have a similar explanation. baSed upon the splitting up of the 
tiiple iiolyniers of heavy water. If the three structures proposed by Ikrnal and 
I'owler^ are adopted, the structure of water or heavy-water in the mixtures 
containing them respectively in excess, must be reckoned as aiiproximating 
less to type I (like tridymite) and more to type II (like quartz) than in the pure 
liquids. These changes are to be expected from the other components in each 
mixture. The mixture is only a solution and the changes found here arc similar 
to the effect of dissolved substances upon the solvent. 

The author expresses his gratefulness to Dr. 1, Raniakrishna Rao for his 
liclliful guidaucc during the course of this investigation. 

Dkimktmunt op Physics, 

Anoiika UnivkrsiTv, 

Waltaik. 
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POLAR DIAGRAMS OF ULTRA-SHORT WAVE HORIZONTAL 
TRANSMITTING AERIALS* 

By S. S. BANERJEE 

AND 

G. C. NEOGI 

(Received for I'tihlicalion, February 77, 

ABSTRACT Polar dingrains for various distnnrcs nrar horizontal transmitting aerials of 
iliffnent lengths have been obtained for ultra-short radio waves. A niodulated valve oseillutoi 
« as used for emitting waves from 3 to 8 inetre.s in length. The field .strengths were mramred 
«itli tl.e help of a calibrated ultra-short-wave receiver of the super regenerative tylre. 'I'he oh- 
-fived values of field strengths were compared with those deduced nitithematically calculated on 
llie theory of " induced e m.f.” It ha.s been noticed that aerials of different lengths radiati' the 
energy along rliftercnl channels and the polar diagrams for a particular length of the aerial 
ilcpcnil on the distance at which the field strengths are measured. 

INTRODUCTION 

The importance of radio commnnication with short waves below hundred 
metres has been realized sufficiently long time back due to the numerous advan- 
i;igcs which these waves possess. Recently, however, the necessity has been felt 
of going down to still shorter length.s of the w'aves specially for television, aircraft 
coniinunications and upper-air w'eather observations. These waves which are 
liclow ten metres in length are knowm as ultra-short waves, and their application^ 
are still in the early stages of development. Hence the study of these w’aves has 
lieen felt imperative and it has opened a great opportunity for further investi- 
gations. The application of the technology of ultra-short w'aves, as yet largely 
unexplored, has been proved to l)e most essential. The l)eacons and blin^ landing 
are well-known uses of these waves and they are also used for sending secret 
messages, 

The guiding factor in designing a broadcast transmitter is that it should be 
able to pro<luce good quality signals within a certain stipulated area afound the 
transmitter. A definite knowledge of the field strength, near the trans- 
mitter, is therefore essential. The bfioadcast engineer tries to design the trans- 
mitter, so that most of the radiated energy is directed along the ground, in order 
to secure the largest possible service area. 


Coiumnnicnted by the Indian Pliy.'ticnl Society. 
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It is evident that the field strength will not only depend upon the power of 
the traiisinitter Inal will also depend upon the radiating systeiiK Therefore it is 
necessary that the aerial must be carefully designed ; and, in the case of nltra^ 
short waves, special types of aerial have to be used due to their short lengths. On 
acwunt of the limited range of the transmitter, one should be very careful that 
the Asaves may be travelling in the right direction. The directivity dei)ends only 
upon the type of the aerial we use, and many investigators from lime to time 
have tried to develop such directive aerials, and studied their polar diagrams, 
mostly with vertical aerials. 

Though various investigations have been made in this direction, it apx^ears 
that the study of single wire as directive aerial has not received adequate 
allention. In this communication, polar diagrams for ultra-short wave horizontal 
tvansmiiting aerials of different lengths for various distances have been investi- 
gated. In order to draw the i)olar diagram the intensities of raBiated field 
stteiigths were determined by an ultra-short wave calibrated receiver of super 
regenerative type. For the purpose of radiation a iiioclulaled o.scillator generating 
waves from to S metres in length W'as employed in conjunction wdth horizontal 
aerials of different lengths varying from quarter wave to one wave in length. 
'I'he plots for variation of field for different distances have been shown. Hxpeii- 
mental polar diagrams for different wave-lengths have been drawn and verified bv 
those obtained by calculation. Uerivations of the necessary mathematical equa- 
tions involved for calculating the field strength for multiples of quarter wave long 
aerial have been shown hy tlie method of induced e.m.f.^* 


T IT K R K T I C A h 


The method of calculating the field strengths for various lengths of acrinl 
has, been showui bcloyv. 

If we tal'sC an aerial three-fourths of a wave long, a current aiUinode will be 
formed at the input end- 'Hie equation giving the current at any point in the 
, aerial is reiireseiited by , 

cos my ... (i) 

where bn — jtt/A and y~ distance along the aerial from the input ‘end (hr in Fig. i. 
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Now the retarded scalar and vector potentials ^ and A may be denoted by 




ukI 


■$; 


1’] 


dy 


... (2) 


- (.ti 


vvlicrc f*r I nnd J denote the retarded instantaneous chari^e and current jespec- 
iively ; K the unit vector in the direction parallel to the aerial, and r the velocity 
of li^lit, 

1 lie relation hetween and / is j^iven by 

dfr_ _Ji 
dt dy ■ 

h'roni ciinalion (j) alon^ with the above relation, we Ret 


I ptd ■ 

(r= r' sin nrv. 

J^- 

Thiis from ccjiiations (i), (2), (3) and (4), we have 

-jmd 


■ p 

"Jo 


sin m V 


and 


A 


V II 

_ 1 jtiil I C 

J 

J 0 


’jmd 


cos VI y dy. 


(4) 

- (5) 


'I'lic potential parallel tu the aerial is given by 
1 dA 


lv,,= - Cimd ni' — 


r dt 


I r<' 

Jo 


, jU. \ c 
COS my av"”^ r * 
d ‘ " c- 


j: 


-pud 


cos my dy. (7) 


Substituting 1 — bi equation (7) \vc get 

-ywda 


... (H) 


V' 

Now, sei)arating leal and imaginary parts, we have 

K,= -60 ... (9) 

V \-d^ -zld icosO 

If the aerial is quarter wave long, a current node is formed at the input end. 
d'licreforc the current at any point Y (Fig. i) along the wo're is given by the 
relation 


sin my. 


... (to) 
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Proceeding as above, it can be shown that 


-jmdi 


-cos mt 


Subslitiiling / = X/4 in equation (n) and taking real part only, we have 


K /, = 6o 1 


Sin md i 


... (i: 


The equations to calculate the field in the vicinity of half wave and one wave 
long aerials can lx: obtained from equation In) by substituting the proper values 
of the lengths of the aerials. 'I'liiis it may be shown that the potential for half 
wave aerial will be given by 

I,' _ „ Sin mdi , Sin ^ di''' — a/di cosd/ , , 

1'.»==-3oH r- + - f. (J.i) 

( "1 V/‘'* + d,“-a/di co.sfl ) 

Similarly the potential near full wave aerial will be given by 

], - jj Sin ?nd| _ Sin w yr- + d ]'-^ -2/di cos 6*1 

t ' V 1 ^ + d i'- 2 l(li cos 0 ) 

It should be mentioned that the above relations shown in equations (13) and (14J 
for half wave and full wave aerials respectively have also been deduced by Carter,*’ 
The polar diagrams for all the above lengths of aerial have been drawn for 
different distances from the aerial. Four typical diagrams have been shown 
below with an associated table showing the variation of field strength with 
angular direction in each case. 

'I'able 1 show's the variation of field strength for an aerial 3A/4 long calculated 
from equation (9), for different angular directions at a distance of one wave- 
length from the input end. The corresponding polar diagram is shown in Fig. 2. 





Polar diagram of 
pn aerial 3 v/4 long 


Fig. 3 

Polai- diagram of half wave aerial 


Fig. 4 

Polar diagram of 
full wave aen’pl 
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Similar variations of field strenfitli for half wave and full wave aerials are 
bhowii in tables II and 111 resitectively , while their polar diagrams are shown in 
I'igs. 3 and 4. 
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It will bo obhcrvcd tliat lliu field .strength will not show' any change loi 
dilfeicnt angular directions for a quarler-vvave aerial at a fixed distance. Tlie 
variation of field strength is, therefore, shown in 'I'able IV as the distance from 
the iniJUl end is altered. The positions of inaxinnnn field strengths in the pre.sent 
case and the nature of the curve arc shown in Fig. 5. 



Table IV 
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Field strength in 
volts/mctie X j/A 
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K X f rc I< I M re N T A h 

v\ modulated oscillator of the Hartley type was used for generating t)ie ultni-^ 
short waves. A constant niodulation was effected by a leak and a condenser. A 
sut)er- regenerative receiver was built for measuring the field strengths. A 
milliammeter was put in the anode circuit of the detector stage for observing llw' 
change in its deflection due to the incoming signal. I'he receiver was calibrated 
by the same method as described by Banerjee and Parmanand/ in a previous 
paper published in this jouinab 

The ultra-short wave generator as connected with a horizonlal aerial whidi 
was placed in a fixed direction and the receiver was moved along the circum- 
ference of a circle with the input end of the transmitting aerial as centre. The 
field strengths were measured at different angular directions with respect to tlu' 
orientation of transmitting aerial. Special precautions have been taken, as far as 
to. -avoid the reflection of the waves from the neighbouring walls of the 
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I'.iboratory . Most of the observations have been taken in clear open space on the 
tci race of the buikling, the reflection coefficient of which was actually found to 
be very small. This was evident from the absence of the fonnatiou of any iiUer- 
lereiice pattern due to ihe direct and reflected rays, This pattern could always 
lie found when such experiments were performed on the ground. 

The wave-lengths used were between to 7 metres and the lengths of the 
aerials were A, 3A/4, A/’ and A/ 4. 

'J'lie observed values of field strengths in the neighbourhood of a horizontal 
transmitting aerial. A/a long, at a distance of A from the input end, and for 
different angular directions, arc shown in 'I'able V below. The polai diagiam foi 
tile same is depicted in Fig. (3. 



Fig. 6 

Polm (liiigriim ol liall-wiivf liori/oiitnl lian.Miiittiiij,; luaiiil 
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•SUMMARY AND C O N C h U S I O N 

Field strengths have been measured at .short distances in all directions from 
horizontal transmitting aerials of different lengths. Polar diagrams for the aerials 
have then been shown* In order to verify the results obtained experimentally, 
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new equations have been derived based on the theory of “induced e.iu.f/’ for 
each length of the aerial. Tield strengths have been calculated froui these eqna- 
tions, and theoretical polar diagrams have also been drawn. A modulated oscib 
lator w^as used to energise the transmitting aerial and a calibrated super-regenera- 
live receiver was employed for the purpose of measurements of the field. 

It may be mentioned here that the equations derived in the i)resent investi- 
gations could be applied for computing the fields, radiated from quarter- wave 
transmitting aerials and their odd multiples in addition to half- wave aerials and 
their multiples as generally used. It has been observed that the polar diagrams 
for such horizontal aerial will depend mainly on the length of the aerial and on 
the distances from the input end at which the field strengths are measured. 

In conclusion, the authors have great pleasure to record their sincere thanks 
to J^rof. Dr. II. Dasaniiacharya, Head of the Department of Physics, for giving 
facilities to carry out the above investigation. 
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THE LINEARITY OF THE MASS-SCALE OF ASTON’S 
MASS-SPECTROGRAPH 

By J. B. SFTH 

AND 

C. V. H. RAO 

[l^rrcivcd jo} publication, Fvhniary iQp') 

ABSTRACT. The portion of the mass^distaiicc nirve \Nhere it is must linear has been 
investigated, starling from tlu' relationship between mass and distance as obtained bv Aston and 
T'owler from considerations of pure geometry, and as obtained by Ih'dduck making use of co- 
Didinate geometry, 'ireatnu nt of both the expressions leads to the sairje result, whidi is 
identical with that of Piddnek, but is different fiom that fjf Aston and b'owler. 'i'he mass- 
distance curve is also plotted and discussed. 


s r A r 1^ M h: n t vS and r r s ri h r s 

The iiiathc'iiiatics of Asloii’s inass-spectro|i>rapli is not of much practical 
isnportaucc, since the results obtained by the use of the instrument must be 
regarded to be only of an empirical character. However, it mu.st have been 
satisfactory to find that a malhcnialical analysis of the experimental arrangements 
did corroborate the empirically obtained results. The chief factor, niatheinalical or 
empirical, on which the success of the experiment and the importance and simplici- 
ty of its results depeiul, is tliat the relationship between the masses, or rather, the 
ratios of the mass to the charge, of the charged particles concerned, and the 
distances, from a fiducial point, of the “spectral” lines due to them on the 
lihotographic plate, is almost linear over quite a large range. It is the inathe- 
inatical determination of the region over which the proportionality holds and in 
which the photographic iilatc must be placed that foims the subject-matter of this 
communication. 

Aston and Fowler, in their paper’ dealing with the mathematics of the ex- 
perinient, show that the mass-scale is a]rproximately linear in the neighbourhood 
of tlie region given by <P=4^, w'here and ^ are deflections, in opposite directions, 
due to the electric and magnetic fields respectively. The relationship between 
masses and the distances of lines due to them was obtained by Aston and Fowler 
by geometrical considerations. An analytical solution of the problem is given in 
Pidduck’s Treatise on Fdectricity,** which is much simpler than Aston and Fowler’s 
geometrical treatinenf. Taking rectangular co-ordinates with the origin at the 



220 J. B. Seth and C. V. //. Rao 

t’uiiniiuiicenieiil of the electric held (A, Fig. i), Pidduck finds that the enrve 



The ^C(n)iehy of Ihc nuiss-sfu'clroy^uiph 

AP., the IcMigih of the eUcIrie field; hnlf that ol the magnetic field. 
Z, the centre uf the electric field. AX, AY, thc' axes as taken in 
Pidduck’s lx)ok , IVI.v, l\lv, the axes as taken by Astiai and in this paper. 


obtained by ploUing the mass, or rather, the specific mass, m/c, against x, the 
distiMicc of tlie line due to this mass from the origin, lias a point of infiexion in 
the region wheie tlie curve and, therefore, thc mass-scale would, of course, be 
nearly linear. Tlie point of inflexion comes out at \ “4K 4b, where / and b nrc 
respectively the lengths over which the electric and magnetic fields act, the two 
iields being cu4eriiiinus at one of theii ends. 'I'lien in the lelationships 


which hold for focussing the particles having the same )?//(-, by substituting for a 
its inflexional value, one finds that the relalionsliip lictwceii mass ancMistance is 
linear when 0 = 6^. 


Thus tlie value of 0 as given in Piddiick’s treatise namely m hi this 
region is nearly proportional to the^distance of P from the fiducial point,** and 
lliat as given ill Aston s bookp'* near about which “ the mass-scale is approxi- 
mately linear/* aic very diffcicnP This difleience is rather puzzling, for at first 
sight the two appear to refer to the same legion. However, a deeper and closer 
scrutiny reveals that the two writers icfer to different regions. Whereas ITdduck 
refers to the point of inflexion on the mass-distapce curve, Aston, allhougji 
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ntieniptiiig to find the position where the mass-scale is nearly linear, really dcter- 
inines the point where a straight line from the origin touches this curve. Uvi- 
cleiitly, the region referred to by Pidduck is the one which is relevant to the 
problem in hand and not the one found by Aston and Fowler, For, a curve will 
be approximately linear on either side of a point of inflexion, if there be such a 
point on the curve ; but round about the point of contact l)etween a curve and the 
tangent from the origin, the curve need not at all lie linear. 

The inatlieinalical detei inination of the position where the relationship 
]>etween mass and distance may be linear is of no practical importance, as has 
alicacly been remarked, for the icbiiU so obtained is not used in the calculation of 
11)0 ma.sses. IMorcover, on ])loUing the curve it is found that between the region 
L'iven by 10^ approximately, whicli is not far from the oi igin and that 

given by — 2^9, which corresponds to the region of the curve at iiilinity, the 
curvature is nowhere very prunonneed. Thus within comparatively large regions 
the curve, i.c., the relationship between mass and distance, wdll be approximately 
linear, wherever the region may he situated within the limits given above The 
Jesuit, of Aston and h'owlcr conveys a sense of accuracy which is not true ; 

whereas the result, (/i=-66', of Pidduck gives an imi)ression of uniqueness of solution 
which is unnecessary. 

ASnON AND IMIWLKR’S M A T JI F IM A T 1 C A D K X P R K vS sS I O N 

I'he expression for t, the distance, measured from a suitable point of the 
spectral line due to a mass m, as obtained by Aston and Fowler,'^ is 

7 = NF//) (in Aston and Fowler's notation, p being a constant = MN of 
Figure i ; also F of Aston and Fowler is P of this Figure i) 

“ ^ \ ; 

'2W mniQ — hn- iiu>) tan 2 

where nio is another constant and \' «imo = cot^ , (9 and V> being tlie ckctric and 
magnetic deflections respectively . 

Writing one g^ts 

1 _ — I + 2s tan_26i 

2'^{2z-(2‘‘'-i)tan 2(9> ' 

Aston and Fowler find the region where the above relationship is approxi- 
mately linear by deteniiining where vanishes. I'his give.s 

(z tan 2^” !)■{ (32 ** ~ 26 + z{z^~3i))~o. 

3_.M23P-IV 
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Tlie second factor equated to zeio must be considered irrelevant to the 
problem in hand, for the exact roots of this cubic can be shown to be 

r~^ - — - ^ ^ ^ ^ 

3 3 ‘ 3 

(b 

ujiere £ = cot 

2 

With 0- we are led to 

0 = 67'', 387'', 307“ approximately. 

All these values are clearly inapplicable for oiir purpose. Thus for the problem 
in Imiid, Aston and Fovv'ler put 

.^^tan 2^ — 1 = 0, 

wliich gives, tan 2^^==i/r-”"tan 0/2, so that for small values of 0 and 0, <i)=^40. 
As already j eiiiarked, this merely determines where clj dzirj which 
only gives the condition wheie the tangent from the origin touches the curve.* 


To find whether the mass-scale is anywhere linear and, if so, where, we must 
hist investigate whether the above curve has a point of iiillexion. To do 
this, we i)Ut in the above relationship l)etw’ecii r unci m, tan 2^ — a, cot U) 

that ! ; and then determine W'^ildnrK Thus 

, =r ^ 2 a s/ in tiio 

• _ + 2a s/ mniQ - ^ ^ _ '.Ktr + a') V 

HI — 2a' V invio hiq hj —20' \/' nvHo — np) 

' J _ v' in 

2 (a + a') V n/() m — aid v mm 0 — m 0 


A 


— 4 


V ni — Is’ V jjiif 


B 



.A 


P 



where — 2n' ; A+B = j ; A — ; P and Q are obvious. 

/v 


**■ For the tanj^^ent at a point, (:v,y), is given by 

(Y-y)-(X-A‘ dy/dx-i) 

This will go through the origin, X«Y=--d, when 

dy/dx^o, ... Id 

And d/dx{y/x)^(i/xidy/dx—y/x'\ and vanishes precisely when (i) bolds. 
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d'^rldm^ : al to 


+ 

u \ ~i 

7::, }m 


I 



B 


Q'* 

)l - 




2 d^r 

<IM ^ 


: al to /c« 

W « y . ' 


-.Si 


p2 QL> 


3 J 7 J h y 

A! '■ 


(VlW /v'V «/o) 


-H™ - 

V 77 / - 1 ' - \/ 77 / 0 


This will be zero when 

/ \ 3 / 




H- \/?H -f — V mo 1 1 V 1/nno 


'•<■**» 3 ('^^*/'^^'^o)^ + ' --—'(ml }Hq)^ -^ 6m 3---- (m / nio)^ — 1^0, 

/v /c 

Now m/mo = oot^(l)l2, and (i - Ic^) I k- - zaf— - 2C0t 2O, 

•’• d^r/dvi''^ vanishes when 

3COt^^V2-2COt’Vj/2.COl 2<? + 6cot^?»/2 “6001^72x01 2 ( 9 ““ 1=0, 

-.C., when 

2C0t*^^/ 2 H' 6cOh/j/ 2 


= COt^> + ; - 

(2 — COS (/)) sni 0 

Thus for small values of 0 and (p, d^r/ciw‘'^ = o, when 


1 _T ^ ^ 

2O f (p 


i.c,, when <p^ 60 . 

It can be shown that for this value of 0, d^r/ dm^^o. This value of 0, 
therefore, gives the point of inflexion where the relationship between in and r 
will be linear. 


the ANALYTTCAb TREATMENT OF THE PROBLEM 


The relation between 1 and m given above, as found by Aston and Powder 
using a pure gieonietrical method, is complicated and, as will be seen from the 
foregoing, the finding of i^r/dm^ from that expression involves some intricate 
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analysis, hy making use of analytical geometry (in Un^inanner of l^idduck), one 
can obtain more easily a simplei relationslni) between r and m, and with the help 
of the new expression get all the information needed. 

Thus, following tlie usual [aactice, we assume for the purpose in hand that 
the dellections (lue to the elecliic and nuigiietic fields take place at the respective 
centies (Z and M, Fig. i) of the fields, the electric deflections lieing downwards 
and the iiiagnelic upwards ; and following Aston, lake a straight line througli M 
given by — 2^ as the axis of X. The foci lie on the straight line ZP parallel to 
MX (Fig. i). The co^oiclinates of a focal point, sucli as P, will be given by 




NP = r, 


where h is the distance between Z and M, t) .entres of the two fields. It should 
be rememlxired that 0 and are assumed to l)e small. 

The co-oidinates of a focus being (r, zhO), we have 

and tp — zO — y / x=^ zbO / x. 

/. tp — zO{b/ X + x) . 

In virtue of the 1 act that kie/ m){i jv'^) and (p — k'{el }n){j jv), where c, ni 
and V are respectively tlie charge, mass and velocity of the particle concerned and 
k and y are geometric constants, we have 


or 


<!>- 

0 






k 


VI = 


k'^ 

"k 


:u 

4^ yh + X 



e 

ni 


Hi) 


where R is a constant for a given ^ and for the same value of e for all the particles, 
i\e.f fur all particles having the same charge. 

From the above, it can be easily shown that 


i> '^b(b’-zx) 


and that the point of inflexion is at x^^bjz. 


Since 



W'e have, at the point of inflexion, 




Tile above relalionship between in and x is, allowing for a change of axes, 
the same as that derived by J. J. Thomson in the discussion on isotopes held in 
the Royal Society on March 3, syzi.^ 
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'J‘ H li CUR V 1{ 

The complete curve connecting x and m in the equation (if) above is given 
jt A in Fig. 2. In the same figure the curve given by Aston’s expression 
l eqatioxi (f), Section 2] is also shown at B. The two curves are, as of course they 
should be, the same, except that the difference in notation gives rise to differences 
in the positioUvS of the axes and in the values of the constants. 

The two ends of the curve asymptotically meet a line parallel to the .v-axis, 
the left end from above and the light end from below. The top of the curve is an 
exceedingly sharp cusp at infinity. At its lowest portion tlie curve circles sharply 
round and then very gradually changing the sign of curvature goes on to meet 
tiie asymptote from below. 

The curvature at the lowest point is so small that the curve (Fig. 2, A or B) 
uppears to have a cusp at this point as well. In order to exhibit the true 
nature of the curve in its lowest portion and round about the point of inflexion, 
the curve must be magnified very considerably, so much so that the resulting 
figure would be much too large for reproduction. To bring out the nature of the 
curve at this portion, it has been therefore magnified as well as distorted and 
shown at C in the right half of the same figure (Fig. 2). 



Figure 

The mas s-disi mice curves 


In the middle, at A, is shown the plot of the equation, 

taking 6*= 25* 

On the left, at 13, is the plot of the equation, 

mo \ 1+0. arc/ \ i+o.2:v/^ \ i + o.2a; / 

which is Aston's cxpres.sioii lequatioii i, vSection 2 ) put in a form suitable for plotting (neglecting 
the negative Value of the sfjuare root which is irrelevant for present purposes) taking tan 2if=^o,2. 
At C is^i^hown the portion^of the curve A near the origin, magnified but distorted. 
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The points marked as D, K, F, on the curve C, Fig. correspond approxi- 
mately to (p- xof^, fl>’- 60 , and 0=^=4^, respectively. It will be seen that beyond D, 
the curvature is nowhere very marked, so that for small porticms of the curve, the 
masS'Seale would l)c approximately linear at all points. Beyond F, coi’resi)ondiiig 
to 0=4/?, however, the change in mass (ordinate) for a given change in the distance 
from the origin (abscissa) or in other words the distance between tw’o spectral 
lines due to a certain difference in masses, wdiat may be called the ‘dispersion ' of 
the curve, becomes very small. 

The deviation from linearity round about various points on the right half of 
the curve cannot, unfortunately, be shown unless the curve is drawn on an enor- 
mously magnified scale This departure from linearity can, however, be easily seen 
otherwise. Figures, given in Table I, show that the ciiive is most linear, and at 
the same lime the ‘dispersion ’ is greatest round about the point 0 = 6 ( 9 , the point 
of inflexion. 


Table 1 

Dispersion and deviation from linearity at various points on the curve 
Ni/R = m' = -{ A7(h“f'‘ b being takcn = 25 
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Note (1) For 

„ (2) If m\ X dispersion is taken to be I)=«(M 

(;p If + -d,, then deviation from linearity is taken to be 
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In practice, therefore, the photographic plate may be placetl anywhere in the 
region from 0 = 40 to <? =■ (say) 80. The ' fiducial ' point will of course be different 
according to the region chosen, a fiducial point being given by the intersect of the 
tangent concerned with the axis of .v. However, in actual determination of the 
masses, no use is made of the formula at all, and, therefore, the position of the 
fiducial point or thgt of the plate does not really matter. Approximate nieasure- 
inents made on the diagrams given in Aston’s book® gave the following results: — 

From Fig. cj, p, 42, Diagram of the First Mass-Spectrograph, 0=3°, 0=21" 
for the middle of the photographic plate. 

From Fig. jg, p. 72, Diagram of the Second Mass-Spcctrogia])li, which is 
specifically indicated to have been ghen to scale, 6 = o“, 0=28", 33°, 4.2", for the 
nt^r end, the middle and the far end, respectively, of the plate, 

\ OOVERNMBNT COLLECE, LAHORE. 

\ PiiNjAii Univrrbitv, Lahore. 
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ON EFFECT OF RESISTANCE COMPONENT IN WAVE 
FILTER ELEMENTS AND PERFORMANCE OF 
NON-IDEAL FILTER SECTIONS * 

By WAQUAR AHMED 

{Eecciveil for Publication, April it, 

ABSTRACT. The paper relates to study of the effect of resistance component in wave- 
I'lUcr elements based on the theory and operation of “ non-ideal '* low-pass, high-pass and batuU 
pass filler sections. 

Characteristic impedance, attenuation and phase constants and cut-off frequency or 
ftcfiiuncics of “non-ideal” sections have been deduced and Tneasuic^l. Comparison between 
1 hnroc'tcrisfics of “ ntjuddenl ” and “ ideal ” seclion.s hn.s been made, 

1 N T R O D T1 C T T () N 

The filter theory as given elsewhere relates to “ ideal filter section,’' that is, 
tliose in which the filter elements are pure reactances ; the characteristic 
impedances in transmission and attenuation bands are therefore pure resistances 
and jmre reactances respectively. Such ideal filter sections, properly terminated 
should give zero and very large attenuations for frequency components in the 
transmission and attenuation bauds resiicctively. The sharpness of cut-off at 
the edge or edges of the transmission band can be very great since the resistance 
in elements being negligible ‘ Q ’ can be very large. 

The wave-filter sections consisting of inductance and capacitance elements, 
designed and con.structed in actual commercial practice for low- and high- 
frequency communication systems, cannot be regarded as “ ideal " for reasons 
shown below. The resistance component in each single element (whether of 
inductance or capacitance type) is appreciable in majority of cases and cannot 
be regarded as zero. Further, since both series and shunt arms of a filter section 
may consist of several elements depending on the type of section chosen, the 
total effective resistance in series as well as in shunt arm will be large. It is there- 
fore desirable to work out tlie exact performance of such “non-ideal sections’* 
'iither than apply the results developed for ideal filter sections to their cases. 

The inductance elements consist of coils wound either on laminated 
iron, stalloy, silicon steel or on permalloy and mu-metal cores for audio- 
hc-quency range. They are wound on finely powdered iron’ or permalloy^ 
dust cores for higher frequencies up to 200 kc/s and on ferrocart* cores up to 

CoranmniVated by Prof. p. N. Ghosh 

i|— i^2,sP- TV 
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1500 kc/s and are air core coils®’’ (screened) at high radio frequencies. In 
cases where the d.c. component circulates through the coil (forming an cleniein 
of a filter section), the dust-core and air-core types (preferably the latter tyiie) 
are the only ones which have to be used even for low-frequency range. Further, 
for broad-band linear systems, coils wound on laminated iron or stalloy cores or 
even on dust and ferrocart cores may not be ^0 suitable as the air-core coils 
since the permeability of the core material in former types depends both on 
frequency as well as on amiditude of current through the coil. For a given 
inductance, the resistance component of coil wound on permalloy dust core is 
negligible, of coil wound on laminated iron, stalloy or iron dust core is small 
and that of coil with air core is sufficiently large. 

The capacitance elements are invariably reaper, mica or air condensers. 
Paper and mica condensers are generally used for audio-range, wdicreas mica and 
air condensers are used for carrier and high-frequency ranges. A condenser 
should be regarded in general as equivalent to a pure capacitance either connect- 
ed in series with or shunted by a resistance. The equivalence of a condenser 
to a pure capacitance with a resistance in series may arise either due to the 
resistance of leads from plates to binding terminals and of plates, joints and 
contacts or to “ equivalent resistance ” due to dielectric absorption. The power- 
factor in this case = rtoC (where » = total resistance of leads etc. or ” equi- 
valent resistance” referred to above, C= capacitance and w=a x frequency) 
which increases with frequency. The equivalent resistance due to dielectric 

absorption varies as at low frequencies and as ^ at high frequencies. The 

equivalence of condenser to a pure capacitance shunted by a resistance may 
arise due to leakage of energy from one plate to another over the dielectric 

surface. 'I'he power-factor in this case is^^ which decreases with frequency. 

'^'he resistance component r varies as ^ 

The piezo'clectric crystal elements (mounted between twt) electrodes) used 
in h.f. filter sections are equivalent to series resonant circuits (consisting of 
inductance, effective resistance and capacitance in series) shunted by a capaci- 
tance. Having a negligible effective resistance and very high ‘ Q ’ value at 
high frequencies, these elements alone can be regarded as suitable for ideal 
filters and therefore will not be consictered here. 

The present paper relates to study of the effect of resistance component in 
inductance and capacitance elements based on theory and operation of ‘‘non-ideal ” 
Ibw-pass, high-pass and band-pass filter sections and to the comparison betw'een 
characteristics of non-ideal and ideal sections. 



E0ect of Resistance Component in Wave Filter Elements 231 

0 W - P A S S N 0 N - 1 D E A Iv SECTION 

Consider a proto-typesytiinielrical T-sectiou in which the total hnpetlance 
ill series arm Zi=R + jiuL and total impedance in the shunt arm Za=R'-^j7(i)C.'' 

(a.) Characierisiic impedance.—T^rom general equation for T-scction, 




C 4 4 


+ i 


^ — R y (i)(J + 


<1)1, R' 


... 0 ) 


It will be seen from (i) that Z« will be in general an impedance containing 
l)olli resistance and reactance components for all frequencies except for the two 
sliovvu in (zb) and (sc). 

Zo reduces to the value given for ideal T-type filters when R=() and R'=o. 



When u) 


2 



1 . R“ . RR' 

I,C 4L“ 






1 

LC 


, R** RR' 
4i;“ ■ 



R 

2C 


LC 4I/" L** 



= a pure resistance. 


(ar) 


If R(i and X() be the resistance and reactance compoueuls of Zq in equation (i)j 


then 


^o“Ko + iXo. 


(3) 


I'rom (i) and, (3) 
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(b) AHenuutiov and phase conslanl . — H the ratio of ‘ seiiding-cnd current’ 
(1,) to ‘ rcceiving-eiid current’ (Ig) when the section is terminated by its 
inopcr chaiacleristic impedance be I)/l2> 


then 


il = I + 


If the propagation constant 'P ’ =logr(li/l2) = f>. + y/ 5 ( (where <i= attenuation 

constant and /I — i»Jiase constant), then 

1 RE'-L/C+2(RoK'-Xo/f^C r 

') 2{R'‘'‘ + r‘K'C=*) 


'■ - log 


+ 


i 

Su,LR' + R/‘<>C + 2(X„R' + Ro/‘-*C I 
2(R'2 + i/«>2C®) 1 


, . . , _...bR' +^wC + 2 (XoR' + Ro/o>C) 

I " + a/io^C^ + RR'-L/C 2 (RoR'-Xo/«oC) 


( 7 ) 

(S) 


(r) Ciil-oU Ircqui Jicus and sharpness oj cni-off. — lii case of iioii-ideal 
seclioDs, the cut-off frequencies cannot be calculated from the relations Zj/Zg'^^o 
and Zi/Z. 2~-4 as in case of ideal sections. The above values of Z1/Z2 are 
the liniiling V'dluQS between which the characteristic impedance of the ideal 
section is pure resistance (that is, they give the limits of transmission band), and 
consequently are inapplicable to case where the characteristic impedance of tlic 
section is in general an impedance having both resistance and reactance com- 
l)oncnts in the transmisssion band. 

I'he calculation of cut-off frequencies in this case is derived from equation (7). 
dnj diii call be detennined fioiii (7), Then the real and admissible value of for 
which (hi/ (it.) is maximuni or, say, at least of the order of 40 db in looo c/s gives 
the cut-oil frequency. Graphical determination is moi'e convenient. 


Uxperimcnls have been carried out on a non-ideal section in which 
L/-i= 10.575 niH ; R“2c)i2 at 800 ^to 28. 25^ at 6500 ; 

C==^o,i|uF, and i .5li at 8ou to 0.211 at 6500 

The characteristic impedance and attenuation constants were measured according 
to standard practice. For measurement of phase constant, an arrangement similar 
to th^it used by Messrs. Hinton Rendall and White in their paper have been 
adopted.^ • 

Fig. T shows tile values of Rq and Xo components of Zq at various frequencies 
calculated from (4) and (5), and the measured values of \Zo> over the same 
range, for the non-ideal section. It further shows the calculated values of E'o and 
,X\) components of the characteristic impedance of the same section when the 
elements are pineiy reactive (that is, of the ideal section). 
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Fig. 2 shows the attenuation— frequency characteristics of non-idcal section 
measured and calculated from (7) as well as that of the ideal section. 



Fjg. 1 

Fig. 2 also shows the phase-shift — frequency characteristics of non-ideal 
section both lucasured and calculated from (8) as well as tliat of the ideal section. 



In Fig'. 2, dftt/du) obtained from the calculated attenuation — frequency charac- 
tci istic of the non-ideal section is plotted against frequency. From this curve the 
cut- off frequency of the non-ideal section is found to be 4.8 kejs. 
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H I (i II - P A S K N O N - 1 D Iv A L S K C T1 ( ) N 


Consider a proto-type syintiietrical T-seclion, in which the total iinpedaiicc 
the series arm Z| =R'-y7a)C and total impedance in the shunt arm Zg = R + 

(a) Characleristic impedance . — 


in 


Z„ 


RR' + 




wC auiC 

which reduces to the value given for ideal section when R'=o and R = o. 


4 C 4'o>2c-' / \ 




When ui= j Z^yz 

2 VI.C 




■i 


(y) 


(lo) 


When 


^ jjc 2 j’ ’’’ “ resistance. 


Wlieu 10= a /- 
V r( 


, Zo is a pure reactance. 


C(4CRR' + CR'^-f-4l,) 

If Ro and Xo are resistance and reactance components respectively of Zo, then 

,a 


R« = 


- -j V[ RR' + -t- k - I 

L'l \ ^ C 


-“cV 


(ll) 


Xo -- 


n 


RR' -f 


R'=* , R J 
4 C 


+ 1 tiiRX ~ 


R _ R' 
oiC 2 toC 


-|RR' + ^' +k_ J 


4 C 4u>2c2 M 


(h) .iUciiualioii and plui.'ic loiislants . — 


i 



RR'-R/C+2(R'Ro + Xa.oL) 


<-RX + R/o>C + 2(RnU)L- RXn) 

Ij 

arR^ + '-iV) 

J 

2(R^-(-w“L2) 


so that 

<i=log,VA*-i-B* 

- (13) 

and 

/i=tan-’5J 

. A 

... ( 14 ) 

where 

A= , + I<K'-L/C + 2(R'Ro + Xn...R) 


2(R*+w2i,2j 


and 

” M= ‘^K'R + R/a»c + 3(Rou>l,-RX<>) 

2(R*+o.«r;8) ■ 
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(r) Cul-off frequencies and sharpness of -cut o//.— As iu the previous 
section da/dw can be deterniined from (13), and the real and admissible value of u) 
for which da/du) is maximum or at least of the order of 40 db in jooo c.i>.s. deter- 
mines the cut-off frequency. 

Experiment have been carried out on a non-ideal section in v\'liich 

s R' 

2C 0,3/^!^ i at 8(>Uiifc.to 0.2 at \ 

and R= 13.5511 at Sfio- to iS.toU at 50(Wi^. 



3 shows the values 
of Ro and Xo eoinj)oneiils 
of Zo calculated from fii) 
and (12) and the mea- 
sured value of I Zo ! over 
the frequency ranj:>e. The 
R'o and X'o com])onents 
for the ideal section over 
the same range is also 
showuK 



Fig. 4 sliows the attenu- 
ation — frequency charac- 
teristics of non-ideal 
section 1:)oth measured 
and calculated from (ife) 
as well as that of t^e 
ideal section. Fig. 4 alio 
shows the phase-shift — 
frequency characteristics 
of non -ideal section both 
measured and calculated 
from (14) as well as that 
of the ideal section. 



W. Ahmed 

H A N D - r A S N O N ‘ T 1 ) R A L S R C T T O N 
Consider a symmetrical T-scction in which the total impedance 

the series arm Z,-Ri+i wLi ) and total impedance in the 

\ ^^1/ 


shunt arm Z2=» R2 + n ** ’ ) 5 Ri ^^2 include resistances 

■ \ / 

in inductive as well as capacitativc elements. 

(a) Chnraricrislic impedance . — 


Zn- *;KiK 2 - (od.i - h - Mu)Ui 


+ j 'ki o>i.2 - A r ^<4^1 ““ ;vv K 


I 

yi 


N 

I 

0 >C 1 



which reduces to that of the ideal case when Rj “o and R^ — o. 

If R() and Xo are the resistance and reactance components respectively of 
/(I, then 

. — 0 


i i 

« = R,(r„ + '<■ 


and 6 = Ri( <i»Iyo — - + R2 




(b) Aiientialion and pha.se constantSn — 

RjR2 + |^wIv 1 - l^wLg ^ + 2 |roR2 + Xo fwL2 ^ ■)( 
Kaf-ri - A* V^i (‘"La UaJRsXo-Ro 


^C 2 ) \ 


wl ^2 


a = ]og* 


... (18; 


Then 
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and 

where 


^=tan“* X 

P 


... (19) 


T + 


(dCi 


RiRa + l ‘-L2--K Va- RoRa + Xof ...I 






cdCji 


2 ! Rg + ( <'>L<5 — ^ 


\ai 


wCg j \ 

I 


- oi, ) - i. r M'"'" “ ‘-c 

,j= ^ ^ L y 


s^Ra ■*■ ( "’Ra ~ 


1 

(r) Cu{-(yfj I trqtinicics. — As in ibe previous sections iia/iio> can be determined 
from (jS), and the real and admissible values of to for which da/dw is maxiinuni 
01 at least of the order of zju db in tooo c-p.s. give the cut-off frequencies of the 


section , 

Kxpcrinients have been carried out on a non- ideal section having the 
following elements : — 

2Ci=o,i5/iF; Li / 2 = i9.4n2H ; R1/2 (total) = ig.3Q at 800-- to laaO at 

0500-ii. ; ; C2 = o.oi83/xP' and R2{total) = 254.30 at 800^ to 5ofiat 


()5Qo-- ; 

Fig. 5 shows the values of Ro and Xo components of Zq calculated from 
(j 6) and (17) as well as the measured and calculated values of | Zq | over the 
raiiL’e. 





Fk;. 5 
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Fig. 6 shows the attenuation — frequency characteristics of non-ideal section 
both measured and calculated from (i8) as well as that of the ideal section* 





Fig. 6 

Fig. 6 also shows the phase-shift — frequency characteristics of non-ideal 
section both measured and calculated from (19) as well as that of the ideal 
section. 


C O N C ly IT vS T O N S 


The following conclusions have been arrived at : — 

(i) The characteristic impedance of "'non-idear' filter section (low^pass, 
high-pass or band-pass type) will be an impedance containing both resistance 
and reactance components for frequency components in transmission as well as 
in attenuation band. 


Ihe resistance component of the characteristic impedance within the trans- 
mission band is more or less the same in magnitude as the non-reactive 
characteristic impedance of the ideal section, whereas the reactance component of 


characteristic impedance in the atleniialion band is the same in magnitude as 
the reactive chaiacterislic impedance of the ideal section in the same range. 

(2) ihe characteristic impedance has been found to be pure resistance 
and pure leactance only at two particular frequencies respectively. 

(3) The attenuation constant within the transmission band varies with 


frequency and niay be from 0.2 to t.o db per section with typical values of 
resistance components in the elements. 
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(^) The cut*off frequencies of non-ideal sections cannot be obtained from 

z z 

llie usual relatibns -*== O and -^= - 4 as in the case of ideal filter-sections, 

since the above relations are the limiting values between which the characteristic 
impedance of ideal section is pure resistance. 

The cut-off frequency or frequencies in this case will be the real and admissible 

value or values of w for which is maximum or at least of the order of 

aw 

40 db in 1000 c.p.s, 

(5) The values of phase constant for ideal and lion ‘ideal sections are observ- 
ed to be roughly the same* 
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ON THE THERMAL CONDUCTIVITY OF INDIGENOUS 
INSULATING SUBSTANCES 

Bv K. C. NIYOGI 

AND 

J. R. BASU MALLIK 

/<)) piihlicalioit, Ftbiiiary lo, 

ABSTRACT. T |je present connnmiieatifm reports on the nieasureiiient ol tlietnialooii- 
(liulivilic's of snbstaiiecs like CJlnss, Mica/J'iiitex, Masonite^ Uenver, Plywood, Asbestos, Saw- 
dust, Straw', Husk, Jute, Cocoaimt-fibre, Kapok, etc., with the aid of a handy apparatus cons- 
I meted on the w ell-known principle oi ** wall ” method. 

T N r R O 1) U 0 r T 0 N 

At the picseiil lime India is greatly interested in the refrigeration industry 
for its application lo hojne, both in household refrigerating machines and 
in comfort cooling, and also in other apjdications of air-conditioning, vis., in 
auditoriums, industries, cold storage ware-houses, etc. With this development 
of comfort cooling the refrigerating engineer has to face with problems arising 
out of losses due to heal leakage. Let us take, for example, the case of food 
preservation. The refrigeration of food consists mainly of removing heat from 
the food and keeping the outside heat away from it. Foods which have been 
cooled by refrigeration will absorb heat again unless care is taken to keep heal 
away from coming in contact with them. This action takes place because heat 
llou'S from places of higher temperature to places of lower temperature. Thus 
heat is conslalilly passing into a refrigerated compartment from the outside. 
The refrigerating unit must have enough capacity to remove this heat leakage 
along with the heat that is admitted when the doors are opened and closed and 
the heat that is brought in with the warm foods. 

Kxlendcd tests on household cabinets indicate that the total cooling load 
on the condensing unit may be apportioned as follows : 

( tpening.or closing doors • . . • ■ - ■ ■ • 5 % 

Cooling the foods and liquids ... ••• ... 

Leakage through insulation, frames and joints ... ... 77% 

It is evident from this that the proper insulation of a cabiuet is au important 
item in keeping down operating costs to a reasonable figure. Aud, iu fact, 110 
iusulation exists which can keep out all the heat ; but there are certain kinds 
of insulating materials which are more effective than otljers. The present report 
gives the results of an investigation of the thermal conductivity of indigenous 
Indian materials that may be suitably used as heat-insulating bodies. The 
apparatus designed and constructed is a handy one and with its aid the thermal 
conductivity of any substanc tcau bf determined within 4 hours. 
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D U S C R I P T I O N 

Wc now describe tlie technique developed for testing a large number of 
materials of low conductivity, of which relatively small samples can fairly be 
taben as representative of the parent material. The apparatus designed is a 
modification of tlic * plate ’ or ‘ wail ' method to which the standard equation 
defining the conductivity, ‘ k/ shown by the relation 

Q=kAl 


is directly applicable. Here, * Q ’ is the quantity of heal which, when tlie 
steady stale is readied, passes noniially in time ‘ t ’ through a material of 
crosS’'Section ‘A ' and thickness ' d,' the faces of which are maintained at tem- 
peratures and (K, 

^J'he hot face is a co])i)er block and is heated electrically. The cold face is a 
similar copper block and the material to be tested is sandwiched between these 
two faces. The heater is made by winding Constantan wire (No. *32 S. W. C.J 
of total length 100 inches on a mica sheet. This is placed between two 
copper blocks, each 4 in. sq. and 0.22 in. thick, the blocks being insulated from 
the healer by two mica sheets. The sample to be tested (when available in slal) 
form) is cut to the sajne size and of suitable Ihickuess and is placed by the side 
of one of these two cop]ier blocks. Another similar copper block is placed on 
the other side of the sample. The exposed surfaces of this whole arrange 
mcnl arc varnished so as to give them the same cmissivily. "J'his assemblage 
is then held as a compact body W'ith their surfaces in vertical position and housed 
in a wooden box with the lower surfaces resting 011 two wooden knife edges 
covered with asbestos. Three holes aie drilled right up to the centre of all 
the three blocks from their top-edges for the insertion of the thermo-couple 
junctions required for the measuKinenl of their temperatures. The arrangeineiU 
is shown in Fig. i. 



Fig;, i 
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K X P K K I M Tv N T 

The experinieiif is started with the sample kepi as described above. To as- 
certain the temperatures of the copper blocks directly, the thermo-couples are cali- 
brated in degrees-centigrade with the help of a potentiometer by usual metliods. 
I'lic reference junctions are kept at o“C. To ensure good thermal contact 
of the other junctions with the copper blocks mercury is poured into the three 
lioles. Electric current is now passed into the heating grid and the electrical 
. norgy spent in heating the heater is obtained by measuring the current w ith 
an ammeter reading .0.02 amp. per scale division and the potential drop across 
t!io heating coil with a voltmeter reading 0,5 volts per scale division. The 
steady stale can be attained in times from 90 to ipo minutes and often 2 hours. 

The measurement of the .surfaces and edges of the blocks as well as the 
-.iUii|>lc t)rescnts no difficulty. But some difficulty arises regarding the measure- 
ment of the thickness d in case of compressible materials like fabrics, 
saw-dust etc. and for these the following device has been adopted. 

Thermal conductivity of plywood is first determined carefully. It is then 
('ill as shown below (see Fig. 3) and is pa.sted between the hot and cold faces with 
Diico cement. 


r. 






_ 

: Tj 





3^ 




}fea/ef — 

-■ 

•4 

mL 



—Hoffaat Cs 

— CoHiki*e,Ci 


Fig. 2 Fig. 3 

The sample to be studied is placed in the hollow space left within. The 
quajitily of heat flowing through the sample is equal to the heat lost from 
the exposed surface of the block C, (Fig. 3) minus the heat flowing through the 
plywood. Knowing the difference of temperature, area, thickness and conductivity 
of the plywood frame, the heat flowing through the plywood frame is calculated. 
In this way the thickness, d, of such samples is made fixed and the conduc- 
tivity for a definite density of packing is known. 


T H R O R R T I C A I, C A R C U R A T I O N 

A simple sketch of the airangement is given here (sec Fig. 3). 

Ret H = rate of energy supplied to the heating coil. 

// = heat loss per sq. cm. for r^C. excess of temperature of the 
blocks over that of the surrounding. 

^1, 2, 3= the excess of temperatures of C,, C2 and C3 over that of the 
surrounding. 

d = thickness of the substance S. 

Ai. 2. a,fi = areas of the copper blocks as well as of the substance across 
which heat is flowing. 

ni, 2, 8, fl=arcas of the ed.ges of Ci, Ca, C3 and of substance S. 
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Now heat that is received per second by the block Ci and Riven up to the 
air is 

+ ... (i) 

and Die heal that is received per second by the sample vS and Rivcm up to the 
air from its ed^es and passed on to Ci is 

(A 1 + + as// ... (^) 

If h' is the thermal ctmdiictivily the sample S, then the heat flowing', 
through tliis per second is 


Assuming that the heat tlowinR through the substance S is the mean of the 
(juantitics of heat flowing in and out of the sid)stance, i.c\, the mean of the 
equations (r) and {2), it is evident that 

As/c - * ^ {A \ ’^ iti)hOi 1 ^ ~ ... (t)) 

d ,] 

giving a relation between k and /?. 

Further the total heat imparted to the system must equal that given up to 
the .surrounding air from all the exposed surfaces. Hence 

II = (Ai +ai)/// 9 , f “i-a2h^2 + (Aft + a;0//f^3. (5) 

o ' 

Thus (5) determines h and so, from (/]), k can be obtained, as all other 
cjuantilies in (4) are meavsured ex]ieriinentally. 

The actual values for the conductivity of certain insulating materials as 
obtained by the aliove calculation are given in the table. 

C O N C Tv V D T N (T RU M ARKS 

The problem of maintaining efficiently the desired low temperatures in 
refrigeration units requires a careful study of the available insulating inateriaJv*^. 
The investigation so far carried out is only a part of this study. Besides the 
property of thermal conductivity of different iiiateiials, the following other pro- 
jierties must also be studied for the sejection of an insulator : — 

(t) The structural strength , — Some insulating materials lend themselves 
readily to variou.s types of construction and are easily handled under all circuni' 
stances. This strength is generally obtained by the use of wood or steel frame- 
work to hold or contain the insulation. And the slab forms of insulation provide 
a stronger, more sturdy and economical type of construction than the powdered 
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Table 


Conductivity of some iusidatin^r watcrials 


No 

Sample 

i 

Nature of sample | 

1 

1 

i 

1 

Density in i 
ll»s /e.ft. j 

1 

Humidity I 

Thcrmnl con- 
ductivity in 
(B.T.U.) (in.) (ft.)-® 
{hr.)-i (°F.)*' 

I 

(^lasH 

Crown glass in slab form of 
thickness o.tgy" 

16 .) 3 

85 ';.* 

7.54/i62*F. 

' 

]\licn 

In the form of .sheet of 
thickness o-onSc^" to o’ 03" 

1 


Varying from 2 .Ka 
to 4.r>5/i.ts"I'' 

3 

^rinlcx 

'IVade product in board 
form, 0.511" thick 

IQ 3 

<-)6% 

o.63•/J67•]^ 

1 

T\Tas()iiiU* 

'J'rade product in board 
form, 0.533" thick 

18.3 


O. 65 V 161 H'. 


Ht aver 

Trade product in board 
form, 0.503" thick 

1.S.7 

66% 

u. 64 */T 6 rr. 


Plywood 

'I'liree pieces compressed 
into board shape of thick- 
ness 0 165" 

44.^1 

83% 

1,12/136*?. 

7 

Asbestos 

I'ibres compressed into 
board form, 0.157" thick 

.S 2.4 

8.3% 

o.Si/i74*p\ 


Saw -dust 

fibtained from Teak- wood, 
finely grained and packed 
in the form of a slab, 

0 165" thick 

3 . 7.1 

84% 

0.66/158“!'. 

1) 

vSlravv 

Cut into small pieces of 
average length — 5/8" and 
packed in the form of a 
slab, 0.165" thick 

7.8 

73% 

0.24/165 “P. 


JTusk 

Coarsely powdered and 
packed in the form of a 
slab, 0.165" thick 

17.6 

93% 

o.3i/i43°1^- 

1 ] 

Jute 

P'ibrous structure, loosely 
packed in the form of a 
slab of thickness 0.165" 

9.0 

8o';{, 

o.S5/iS4''P. 

i?. 

Cocoanut 

fibre 

The fibres are packed 
loosely in the form of a 
slab of thickness 0.165" 

‘8.0 

7‘-'>% 

0.38/154 *F'. 

I ^ 

Kapok 

Fine tubular fibres obtained 
from sundried pods of 
Simnl trees gprowing in 
the country and loosely 
packed in the form of a 
slab of thicknes.s 0.165" 

3-0 

88% 

0.17/170“?'. 


* These are commercial products and the thermal conductivity values we have obtained 
them are higher than the values given by their manufacturers. These higher values may 
I'-ully Ijc due to the fact 'that the experiment js carried out in ap atmosphere where the 


IH K t'litage of humidity is sufficiently large. 
0-1433?— IV 
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forms. So, investigation is necessary for transforming these powdered samples 
into cake forms with the iniiiiinum change in their k values. 

(2) The weight , — This becomes a deciding factor when the application of 
insulation to railroad refrigerator cars, marine works, etc., is considered. 

(3) Selcciion of different inmlaiors, — Insulators derived from vegetable and 
animal sources are always subject to decomposition in course of time resulting in 
the development of odours. (Jdours are also develoj)ed on account of* the growth 
of mould wdiich takes place u hen the insul«ilion is affected by the presence of 
moisture. There arc many ai tides of food which absorlj odours when exposed to 
them and this is really tmsnnitaiy. Hence the development of odours must be 
avoided . 

(4) 'riir resisUnicc to vermin, — Several forms of vermin regard insulators 
of vegetable origin as their food and in a Iropic'a! country like that of ours the 
presence of various forms of vci min is not uncommon. Hence these insulators 
arc to be specially protected. 

(5) Resistance to the absoiplion of inoishtre, — Moisture in an insulation 
not only increases the thermal conductivity of it but also has a destructive effect. 
Changes in teuipcruture between the interior and exterior surfaccvs of the insulation 
have a breathing action re,sulting in the condensation of moisture inside and even 
on the exterior in very humid climates. This causes dripping and odours, thfis 
allowing the formation of mould. So» the insulation must l)e properly sealed 
against moisture, 

(6) Resistance to fuc, — This is not a deciding factor in the choice of an 
insulator, but in some applications, such as for iirc-inoof ware-houses, this 
characteristic is important. 

It is evident from what has been said so far that the insulation cannot be 
chosen on the basis of orily one desirable characteristic. On the other hand, 
preference should be given to that insulation which has the greater number of 
desirable qualities with respect to some particular application. And unless all 
these properties of the materials which have been investigated so far are studied 
carefully, w^e cannot be definite about the right selection of insulation which is 
so essential for the efficient production of household refrigerating units and 
installation of self-contained air-conditioning plants. 

In fine, the authors have great pleasure in thanking B.vS.I.R, for scholarship, 
grant for apparatus and the necessary permission for publication, and also 
Prof. M. N. Saha, F.R.S., and Mr. K. N, (Biosh for their kind interest and 
valuable advice in the work. 
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tHE THERMAL CONDUCTIVITY OF LAC AND 
LAC MOULDING'COMPOSITIONS 

By G, N. BHATl'ACHARYA 

(Heccivcd Jui Puhlicalion, April -jo, 

ABSTRACT. 1 he tlicruial conductivity of lac and lac jiaailding compositions has l)cen 
determined at different temperature.^ hy tfic donhle-disi' method of Lcc.s a.s modified I)}- tlic 
Nalioiial riiysical ^Lalioratory- Tt has been ohserved that lor certain materials ‘ aciua-dag ' 
may conveniently be used instead of mercury on the plane faces of heater and cold bars, tlie 
advantage being that the former does not interfere with any .solderiiifi in the lienter or cold 
bars rs'liereas tlie latter drjc.s- The tlicrmal conductivity of lac moulding compositions is 
generally of the same order of magnitude as that of phenol-formaldehyde compositions. Water 
immersion for 24 hours has \ery little effect on the thermal conductivity of lac, shellac.urea- 
lormaldchj'de and shellac-melamine formaldehyde resins, but it aflects most of the shellac 
moulding ( omposition.s to an extent dependenf upon the nature of the tiller. The variation of 
incumbent pressure on the shellac moulded .specimens has no effect on the conductivity. 


, INTRODUCTION 

A kaovvlcdge of the tliennal conductivity of electrical insulaling materials 
Is of utmost importance since the power rating and the behaviour of electrical 
Inachineries depend largely on the temperature rise of these materials and the 
rise of temperature is dependent upon the rate at which heat generated in the 
electrical and magnetic circuits can be conducted away or dissipated by the 
cooling medium through these insulating materials. lJufortuijatcly, however, 
these electrical insulating materials are poor conductors of heat and often a large 
difference of temperature is necessary between the inner and outer sides of these 
dielectrics before heat generated in the machineries can pass into the cooling 
medium outside. The rating of such inachineries can therefore be increased 
by employing dielectrics of greater thermal conductivity or such as can stand a 
higher temperature rise without their insulating properties being affected. A 
study of the thermal conductivity of electrical insulating materials is therefore 
of considerable practical importance. 

For a long time shellac has been known to the electrical industry as an 
insulating material of quality and a considerable percentage of the world s output 
is consumed annually by this industry in various forms. 

The thermal conductivity of lac was measured by Lee* as early as 1892 
employing thi; classical method of Lodge* and later in 1898 he again repeated 



250 


G\ N. Bhatlacharya 


the work by a tuodilication'* of tlie method used by him previously. A summary 
of the previous work relating to this property of lac has been given by Vcniiaii/ 
The purpose of the present investigation was to determine the lieat conductivity 
of lac, .modified lac and various lac moulding compositions which have been 
evolved at this Institute and arc being used now by some moulding and electrical 
industries in this country and elsewhere. The object was also to study the effect 
of temi)erature and the influence of water on the heat conductivity of these 
materials, as water and water*vapour have been found to play an important role 
in the behaviour of lac and some otlier natural resins regarding sonic of their 
physico-chemical properties. 

TllKORV OF THU MUTIIOl) 

It is knowm’ that when a thin flat disc type electrical heater is enclosed 
on both sides by two similar discs of a material, the amount of heat generated 
in the heatei flows eq\tally through its two faces when a steady stale is reached, 
if we neglect the very small amount of heat lost radially. The conductivity 
oi the material in such a case is given by 



2Me,-e,) 

where A’ the conductivity in e.g.s. units, 

if Q =“ the amount of heat in calories supplied ]>er second, 

I = the thickness of the material in cms., 

A — the area of one of the discs of tlie material in mj. cms., 
and 0^2, = the temperatures in degrees centrigrade on the two faces 

of the material. 

^I'lie amount of heat, Q, generated in the heater may be ascertained from tlie 
electrical input energy and the temperatures, and < 5 ^ 2 , may be deleiiiiiiicd by 
Ihevmo-couples. Hence from the known dimensions of the tesl-sample of the 
material, its conductivity, /c, may be calculated, 

111 electrical engineering practice it is sometimes convenient to express heat 
Iransfeicncc with reference to thermal resistivity instead of thermal conductivity. 
In such a case, the resistivity 



where K is expressed in degrees centigrade to cause an energy transfer at the 
rate of i w^att instead of i calorie, and t is the conductivity in e.g.s, units, 

E X P U R 1 3S1 K N T A L 

Al^jHirains . — The method used for carrying out these ineasurenieiits w'as 
the ' double disc ' method of Lees as modified by the National Physical Labora- 
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lory for the experimental investiRatious on the thermal resistivity of dieleetrics." 
\ fliasfl'aminatic sketch of the apparatus used has been shown in Figure i(A). 



Fig. 1 

A was a vessel for .suiiplyiijg water at a constant head and B, a tube which 
contained a heating coil for regulating the temperature of this water. From B 
this water was led into two channels by means of a T-piece and each stream passed 
through another vessel (C and E) just before entering the box G, which con- 
tained the main apparatus. On corning out, these streams similarly passed 
through the ve.ssels D and F before being led out. These vessels C, 1), 
F and F contained differential thermo-couples for measuring very accurately the 
rise ~oT temperature <3f the flowing water. The rate of water-flow could be 
regulated by means of screw-clips. 
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The main apparatus assembly has been shown inside the box G, where a 
and {> were two solid copper cylindrical bars kept cold by a steady stream of 
cold water circulated through two copper spirals (f, d) which surrounded the 
outer surface of these two bars and were fixed to them for intimate contact by 
soldering, c was the electrical heater in the form of a disc of the same diameter as 
that of the copper bars and it consisted of a heating coil of about 8 ohms enclosed 
betv\cen two sheets of mica and encased in a flat copper container. Two exactly 
similar test samples of each material were employed, one on either surface of 
the- heater, and cold copper bars were placed on the other surface of these 
specimens as shown in the figure. The surfaces of the copper bars as well as 
of the heater disc were ground plane in order that there might be good contact 
between these surfaces and the specimens under test. A copper-constantaii 
thermo-junction was soldered at the centre of the surface of each of these copper 
bars and connecting leads were taken out through a hole on the sides. 'I'wo 
other thermo-junctions were similarly fixed, one on each surface of the heater. 
'I'he leads of all thc.se junctions as well as of the heating coil were brought out 
and fixed with binding terminals on the sides of the wooden box G, the 
leads of copirer and coustantan being fixed with terminals of the same malerial. 
This box had a hinged door on one side so as to facilitate the assembling of the 
heater, cold blocks and the specimens. The top of the box was open and a 
flat steel plale w'itli a central hole, through which an ii on rod, /, could pass, ^fas 
fixed on the sides as shown in Fig. i(B). Therod/hadacircularsteelplate 
attached to it to cany weights for applying pressure on the samples. The rod 
rested on an ebonite disc placed on the tojr of the copper bar in order to isolate 
it thermally fr om the main apparatus. The lower copper bar similarly rested 
on an ebonite and a cork slab. The wooden box G could be filled with cork 
powder before carrying out an experiment. 

The electrical connections for the thermo-couples were made and arranged 
on a distribution board as described in the F. R. A. Technical Report, Ref. 
h/'V 41, so that either the temperatures of the faces of the test-specimen or their 
difference could bo measured directly on a potentiometer at will. The temperature 
rise of the inlet and outlet water could also be measured from the same distribu- 
tion board. 

Method oj Measuicninit . — Test samples of a material were first preparc(l 
by moulding to a disc of 4 cm. diameter and about i mm. thickness. The same 
thickness of two specimens was obtained by putting into the mould weighed 
(juautily of the material. The.se 'samples were then kept in a desiccator for 
drying. 

In assembling the apparatus each time care was taken to see that the axes 
of copper blocks, heater and test-.samples were in line. Though the surfaces of 
the cold 1.>ars arid the heater were ground plane as much as possible, it was found 
tbal the copi..er surfaces in contact with the specimens when amalganiated gave a 
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sligWly higher value of conductivity showing tliereby a more intimate contact 
Subsequently it was found, however, that ‘ aqua-dag ’ (colloidal graphitel when 

diluted to about three times its original volume could be used instead of mercury 
and the results were practically the same. The advantage of using aqua-dag 
over mercury was that the latter was found to interfere with any soldering on 
the copper surfaces, whereas the former had no such disadvantage. For sub- 

Stances which absorb moisture readily, aqua-dag cannot be used. The results of 

test on the same pair of samples using aqua-dag as well as mercury have been 
.sliown in Table I. A small correction for the thermal resistance of aqua-dag 
or mercury film was determined by blank experiments with thin steel slieets and 
ilii.s wa.s subsequently used in other determinations. 

Tabi.k I 

The effect of using mercury or aqua-dag 
Pressure=2o Ibs./sq. inch 


Sample 

j With mercury 

With aqua-dag 

Mean Temp, 
ill "C. 

! 

1 Conductivity 

j k X itfi 

Mean Temp, 
in "C. 

Conductivity 

k X ifiS 

Sliflliic indiilrtiiig composition No. 91 

1 

25 

22.0 



• 33.5 


33'6 

29 


51 i 

32 


32 

>> .. ,, ,. 54 

^ 3-5 1 

yo 

23-5 



3 * 5-7 1 

1 92 

32.9 

92 


52 ..s 1 

! 

93 

.S 2.5 



The effect of applying variable pressure had very little effect as may be seen 
from the results given in Table II. I'kis may be expected as the materials were 
all hard enough not to yield under pressure at ordinary temperatures. . A dead 
weight of 40 lbs. equivalent to about 20 lbs. per square inch was then applied con- 
stantly on the specimen . The determination was made at different temperatures 
by regulating the temperature of the inlet water. A set of five copper-constantan 
thermo-couples Used as a differential one and giving 200 microvolts per degree 
was used for the determination of the temperature-rise of w’ater. Measurements 
were first made on a Cambridge potentiometer and subsequently on a Tinsley 
•me, both being capable of reading a/rv. The current was supplied from a battery 
of large-capacity accumulators and the input energy was carefully measured by 
means of a voltmeter and an ammeter. The -rate of water-flow through the copper 
Spirals was regulated in such a way that the temperature-rise of the outlet water 
could be conveniently measured on the potentiometer. When a steady state ^^as 
reached, readings were taken on the potentiometer for different points on the 
rhslribtttion board. The output energy could also Ihj determined from the rate of 
7~i4a3P — IV 
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6ow of water and its temperature rise. The input and output energies usually 
agreed within a few per cent everywhere. It may be pointed out here that the 
calculation of the output energy from the temperature-fise and the rate of flow of 
water only served as a check on the measurement of input energy. This did 
not enter into the actual calculation of conductivity. 

Table II 


The effect of pressure on the sam]>Ies 


Sample 

Mean 'JVmp 
in "C. 

Total pressure 
in 11 »s. 

CoiiducjLivilv 

k X i ()5 

Kusiim sliellac 


10 




20 

ho 



^0 

ho 



60 

ho 



10 

61 



"JO 

61 




60 

1 


hi » 

hj 

1 

Shellac niQuldiiig composition Nf>. 72 

25.3 

10 

72 



JO 

72 



/\(> 

72 



60 

72 


53-5 

JO 

^•1 , 


• 

20 



1 

/JO 

83 



60 

«3 


Table III 


Particulars of shellac moulding compositions used 


Shellac 

moulding 

composition 

No. 

Resin 

Filler 


J^ercentage of 

1 

Resin 

Filler 

Dye and mould 
lubricant 

22 

Sliellac-urca- 

formaldehyde 

Slate dust 

3 » 

69 

I 

23 


Fine asbestos 

3 <^> 

6q 

1 

25 

tr 

Kaolin 

30 

69 1 

1 

54 

ft 

Fibre asbestos 

23 

7h 1 

1 

68 

if 

Paddy straw 

45 

52 

3 

72 

i f 

Mica dust 

30 

69 

1 

91 

f $ 

Wood flour 
(ist qiTaJity) 

48 

49 

3 

17c; 

1 I 

Wood flour 
finely ground) 
(2nd fjualitv) 

45 

52 

3 

49 S 

Shellac-iiielamiue- j 

Wood flour 

45 

52 

3 


formal deliyde 

(ist quality) 
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R K S y I, T s 

The results of test have been shown in different tables. The r»articulars of 
a, iiiposition of shellac moulding powders which ^ere taken for this work have 
been shown in Table III. The effect of temperature on the thermal conductivity 
has been shown in Table TV. The study w^as confined up to a maximum of 
6oT., as it was considered unnecessary to extend it beyond this range for the 
simple reason that the above temperature might be considered to be the limit 
for most of the applications to which these materials may be used and as also 
it was apprehended that the specimens might yield slightly under a heavy load 
aliove that temperature, hor this reason, thickness measurements were repeated 
for each specimen after conductivity test in order to see whether any deformation 
took place at the elevated temperatures. Table V shows the results of thermal 
conductivity measurements at different temperatures after the specimens were 
immersed in water for 24 hours. This gives an idea of the effect of water on 
thermal conductivity of shellac-moulded articles. 

Accuracy . — The power input could be measured to an accuracy of 0.5% and 
the measurements of thickness which were done with a micrometer screw gauge 
were correct within 2%. Special copper and constantan wires for thernio- 
couple purposes were used and the calibration done up to about loo'^C. was 
found to be in good agreement with the data given in the International Critical 
'I'ables. Temperature measurements might, therefore, be thought to be accurate 
to within 2% for worst cases and within r% for roost cases. The overall 
accuracy, therefore, may be considered to be within 5%. 

D 1 S C IJ S S 1 N 

T'he value obtained by Tees for shellac at a temperature of 35° C. is practically 
tl)c same as found here for Kusum shellac. The slight discrepancy is well 
within experimental error or even this may be attributed to the difference in 
the samples. The specimen of shellac used in these experiments v\as a genuine 
Kusum one manufactured at the experimental fatftory of this Institute but 
uotlung unfortunately is known about the purity of the sample of shellac used 
by Tees, The agreement of the two values, however, is quite good. The value 
for shellac given in this paper confirms the ' figure obtained in a very recent 
work carried out in America.' It may be seen from Tables IV and V that no 
change in the thermal conductivity of Kusum shellac takes place even after 
iuimersion in water for 24 hours. Therefore, it may be assumed that atmospheric 
humidity will have practically no effect on the thermal conductivity of shellac, 
t-'ommercial dewaxed lac, however, shows slight increase in conductivity after 
Water immersion. On the other hand, the conductivity of puie lac resin 
increases to a greater extent on immersion in water. It is difiBcult to CTplain 
thi.i increase in conductivity, since hard resin is not known to absorb more 
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Tabi.e JV 

Tliuniial comUictivity of desicxated materials at different temiJeraUires 


! 

i 

Mfiterials 1 

1 

1 

! 

Thickness 
in cm. 

Temp, of 
hoi face 
in T. 

1 

Temp, of 
cold fare 
in X, 

i 

'Snp iConductivit, 

inX. j 

1 

Re.sistivitt 

K 

1 

Kiismii slur'llac , 

1 

1 

u.J7b j 

i 

'”'1 

<\ JA ) 1 

38.S 1 

25 <» 

23-9 

. 33 '" 

27*3 

6r 

60 

394 

4 00 

I)e'Auxt‘d lur 

o.J7t) 

43*0 I 

2 h .9 

33-2 

56 

429 

Oenion) 



.i6.6 

29.7 

56 

429 

i 


59-3 j 

265 

27*9 

S 6 

429 

rare lac resin j 
(ether extructcfl) 

0.121 

44-1 

32-7 ! 

30-3 

27-5 

37-3 

30.1 

49 

47 

490 

31 J[ 

1 


3 «i .4 

27.7 

29.0 

47 

5 ^ 

Shellac-nrea- 

o.i.S 5 

4 ^ .S 

26.7 

34 ’J 

57 

421 

forni aldehyde 


32 .6 

27.1 

29.9 

39 

429 

resin 


20.6 

26 8 

28.2 

56 

439 

vShcllac-iiiclauiiiic- 

u,i2iS 

40.7 

25-9 

33*3 

18 

500 

fcinnaldehyde 


3 ^ • .S 

23 7 

28.5 

46 

322 

resin 


28.8 

2h.2 

27*3 

45 

533 

Shellac inoiildiiig 

0.164 

33 a) 

22.0 

27-3 

83 

28f) 

composition 


45-5 

4‘>-3 

42.9 

U14 

231 

No. j-f 


5S.5 

30.2 

34*4 

106 

226 



34-7 

31.7 

33-2 

ID I 

237 



33-3 

22 » ^ 

27.S 

83 

389 

Shellac moulding 

D.082 

28. 0 

24.0 

26.0 

96 

* 

250 

composition 


2S.7 

25.0 

27*4 

94 

335 

No. 


3 f».o 

23-3 

27*7 

94 

353 



52-4 

49 " 

3 " 7 

10 1 

237 

Shellac moulding 

o.u<jo 

29.3 

21 9 

23 9 

73 

1 

320 

crmiposititm 


36.0 > 

33 

34 9 

«C) 

269 

No. 2 .S 


59.6 

53 .^i 

56.6 

1)2 

261 

Shellac inouMing 

U.0S6 

26.3 

20.7 

23*3 

89 

269 

composition 


33 -f^ 

32.0 

329 

92 

261 

No. 5^1 


.S.S-J 

50 0 

.S 3. 3 

94 

333 

Shellac moulding 

n*.:io 

39.2 

21 -2 

30.2 

58 

414 

composition 

1 

41-9 

i 23.1 

32-3 

39 

407 

No. 


47.6 

1 36.8 

43.2 

61 

394 



39.3 

1 42.8 


64 

373 

Shellac nionldiijg 


28.3 

1 22,3 

23*3 

72 

333 

Cfmiposition 


56.2 

50.8 

53-5 

S4 "" 

285 

No. 7-2 



! 


Shellac moulding 

0 fi42 

23-7 

2"-3 

22 0 

25 

960 

composition 


33 

33.1 

33 *^^ 

29 

827, 

No tK 


54-4 

• 

48.3 

51*4 

33 

75 ^^ 

Shellac moulding 

^>•^^55 

26.7 

1 

i 20.7 

23.7 

47 

511 

compi^sition 


33-4 

j 31 -.1 

33.4 

48 

son 

No. i7y 


53*3 

1 47-7 

50 6 

49 

4S9 

Shelliic moulding 

(*.065 

j 26.0 

1 20 5 

23 3 

56 

439 

composition 


: 35 

i 29.2 

39.3 

56 

439 

No. 40S 


i 52-3 

1 

1 47^4 

! 

49.8 

58 

414 
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Table V 

'rheinml conductivily of materials at different tempcraturca after immersion 

in water for 24 hours 


Materials 


Iviisiim shellac 

Dewaxed lac 
(lemon) 

JMirc lac resin 
(ether extracted) 

Shellac-urea- 

/ornialdehyde 

lesiii 

Shellac-melamine- 

formaldehyde 

resin 

Shellac: moulding 
composition 
No. 22 

Shellac nioukling 
composition 
No. 25 

Shellac moulding 
composition 
No. :;>5 

Shellac moulding 
composition 
No. 5/-) 

Shellac moulding 
composition 
No. 68 I 

Shellac moulding 
composition 
No. 72 

Shellac inoulding 
composition 
No. 91 

Shellac moulding 
composition 
No. 179 

Shellac moulding 
compbsittei^ 

No. 49 S , 


Thickness 
in cm. 

Temp, of 
hot face 
in *0. 

Temp, of 
cold face 
in “C. 

Mean 
Temp, 
in -C. 

Conductivity 
k X 10ft 

Resistivity 

K 

0.176 

4 ,T 5 

27-^ 

3 .S .8 

6j 

394 


28 6 

25.6 

27.1 

61 

394 

170 

44-3 

27.9 

36.1 

58 

414 


28.8 

26.0 

i 

^ 7-4 

1 ” 

.121 

0 121 

58.0 

J7.0 

3:2-5 

1 1 

! 6(.) i 

.100 


30.6 

20.7 

28 6 

1 1 

, 1 

387 

0.155 

.11.8 

28 X} 

350 

j 60 

400 


.U-8 

28.8 

31-3 

1 63 

3«7 


3^-1 

28.8 

29.9 

60 

4 fX) 

0.12S 

41 8 

29.1 

35-5 

I S 5 

438 
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iiioisluie than shellac. In the form of films rather this resin is said to he 
more water-resistant than shellac in the sense that it is ' nonblnshing ' whereas 
shellac films ‘ blush ' in contact with water. Properties of resins in the form 
of inouldecl disc or cast otherwise by melting, however, differ fundamentally 
In m those of their varnish films obtained from solutions. Even the properties 
of fiims in different solvents vary wudely. The moulded disc of Kusum or 
dewaxed lac, (thickness about i mm.) was found, for example, not to blush 
even after oh hours* water immersion, although their films made from alcoholic 
solution are known to blush after a few hours* immersion in water. The water 
absorption data of pure lac resin-moulded disc did not show^ such xi ,y:alue 
that .so much difference in conductivity after water immersion might be account- 
ed for. The explanatioji may be that there were very fine cracks in the 
desiccated pure lac specimens and the apparent low value of conductivity owing 
to their i)resence was made good by the absorbed w-aler, however small. Aklis‘‘ 
has shown how cracks develop in the desiccated lac samples. It might be said 
in this connection that water, although a bad thermal conductor itself, may be 
considered to be a better conductor when compared with substances like lac, 
ebonite, etc., and the al)sorption of water, therefore, resulted in an increase in 
their conductivity. 

The shellac-iirea-fornialdehyde and shellac-uielamine-fonualdehyde resins 
{i.e.t without any filler) were found to be affected by water but slightly, but 
most: of the shellac moulding compositions were affected by it to a greater extent. 
Ihidoubtedly the fillers w^ere responsible for this. This may be seen from, the 
value.s for compositions Nos. ^3 and SA- both these powders asbestos was 
used as filler but the latter contained a greater percentage of it and the change 
of its conductivity was also higher aftei watei absorption. The mineral fillers, 
in general, gave greater thermal conductivity than organic fillers. Wood 
Hour when used as filler decreased the conductivity of theshellac-urea-formaldehydc 
resins. But when used with shollac-melamine-formaldehyde resin it showed a 
slight increase in conductivity. This may be explained on the ground that 
other ingredients such as dyes, mould-lubricants, etc,, are also present in, mould- 
ing powders and that they also affect the heat conductivity of such compositions to 
a small extent. Moreover, wood flour itself has different grades and their 
cuiiductivity was found to be diflerent. This may be seen from the values of 
composition Nos. gi and 179. 

Comparing the values of other insulating materials it jnay be saen that 
thermal conductivity of shellac mouldings is of the same order of magnitude as 
those of pressboard, varnished cloth, treated silk, ebonite, phenol-formaldehyde 
resin compositions, and paraffin. As mica has a slightly higher value of thermal 
conductivity, the shellac moulding composition containing mica dust has yielded a 
comparatively high value. It was expected, therefore, that compositions cofi- 
taining mica dust as filler would have better thermal as well as dielectric 



Thermal Conductivity of Lac, etc. 259 

properties. This expectation has subsequently been found to be true.” But 
unfortunately the mechanical strength of such a composition is inferior. 

The variation of thermal conductivity with the temperature of materials tested 
before and after immersion in water shows a marked diflerence. In most cases 
the temperature had very little effect on conductivity after immersion in water. 
The explanation may be that at higher temperatures moisture is eliminated 
from the specimen which has absorbed water and the consequent fall in the value 
i»f its conductivity annuls the increase due to the temperature rise. This view 
is substantiated from the figures of composition No. 23 in Tabic V, where 
measurement at the higher temperature was done first. Here the increase in con- 
ductivity at tlie higher temperature has been obtained. Tlie results of test 
obtained after the samples were inimer.sed in water and recorded in Table V 
are, therefore, not so accurate. They indicate, however, how these composition 
are affected by water. 
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THE EFFECT OF SURROUNDING MEDIUM ON THE 
DIELECTRIC STRENGTH OF LAC AND LAC- 
MOULDED MATERIALS 

By G. N. BHATTACHARYA 

(Rci loi t'li^'licatiou, .Will’ 

Pliile VIII 

ABSTRACT. 1 lie dicltctrii’ stn i^pjlh of lar Jiiid dilfcrriil l.'u: moiildiii).! posit tons tiuv^ 

Ijf't'ii d(“tt riiiiiiod nsinj; a hrasi sphiTf and .a plate eleetrode. Six difltrenl liquid media, vi. , 
(laiibformcr oil. xylol, keroseiie. tiirpejitiiie, castor oil and a mixture of xylol and acetone l).i\’e 
lieen n.sed ,siiccessi\ely in the te.st jar. It has been found from the re.snlts of tin; experiment 
that the .specific resistance and not tin- dielectric con.starit of the liquid media i.s eftective in 
iM.aking a difference in the In cakdown vollage values. The elfect of thickne.s.s of .specimens on 
the dielei trie strength ha.s also heen .studied in each of the aliove liquid media and it has been 
\ ob.servod that the general logarithmic l.aw between the thicknc.ss and the breakdown voltage 
values also ludds good for liic as well as other moulded lac specimens. The cou.stants for .such 
a law hAv'e been evaluated for the.se materials in difterent .surrounding medin, The nature of 
hreatidown has been discussed and has been .shown in a few photomicrograph.s 


I N T R O D n C T I 0 N 

Data on the dielectric strength of insulating materials are ol utmost practical 
utility, although it is still a disputable i>oint whether the dielectric strength 
of a material is a physical constant of the material or is only an effect resulting 
from the method of measurement. Whatever it may be, the value of the dielec- 
tric strength of a material under actual operating conditions is of extreme impor- 
tance in designing electrical machineries. There arc so many uncertain factors 
a.ssocialed with the mechanism of failure of electrical insulating materials, 
especially solid dielectrics, that the fundamental information regarding the break- 
down of solid materials is still lacking. A large amount of data has, however, 
Ix'en collected by different workers on various materials owing principally to 
their practical utility. Whitehead ' has picsented these data in a systeinalic 
manner whilst Peek' and Schwaiger’ have also dealt with this important subject 
in order to find out a satisfactory theory regarding the breakdov\n by ana’ysis of 
previous data. The importance of the elimination of ' edge-effect ’ in detei min- 
ing the electric strength of materials was first shown by MoscickP, and a great 
advance has been made by Inge and his collaborators' since then, towards a 
better understanding of the problem. 
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The effect of surroundinp: niediuni on the bi.eakdovvn of solid dielectrics 
has also been the subject of much speculation l,itlleton and Shaver^^ reported 
their results of lest on insulators under oils containing different amounts of 
moistnre. Inge and Walllier^ however, used liquids of knovMi properties and 
they found that the s[>ecific resistance of the medium is only effective in making 
a difference in dielectric strength measurements. 

The pi esent ])apei [nesents the results of test on shellac and shellac-urea> 
formaldehyde-wood-flom-fdlcd moulded discs in different liquid media. 

H X r‘ n R I M n n 'r a i. 


The test-specimens weie all moulded discs of 4" diameter, but of different 
thickness. Pure Kusum shellac was used for making shellac specimens. Tin 
moulding technique has already l)eeii described by Karim^ and the same proce- 
dure was adcHitecl except that tin foils weie not used since it was found that 
these were not necessary when the mould was polished with french chalk powder 
after each operation- These discs were alJ desiccated for more than a week in 
a vacuum desiccator before they were tested. Ivlectrodcs were a sphere and a 
flat plate made of brass, the loucr electrode being the plate. Six liquids, r/::,, 
transformer oil, xylol, kerosene, turpentine, castor oil and a mixture of xylol 
and acetone were used successively in the lest jar and discs of different thickness 
were employed in order to find out the effect of thickness on the breakdovvn 
voltage ill each liquid medium. 'Phe rate of application of voltage uas 
approximately o ,s KV. per second. The voltage was measured by means of'^a 
Staike-Schroeder clectiostatic voltmeter on the secondary side of the H.^f. 
transformer, tlie primary of which was fed from a 50-cycle sine-wave alternator. 
The control was in the field of the alternator. 'Plie thickness measurements were 
made near the point of breakdown by means of a micrometer scieU -gauge. . ^ 

R BS ULTS, , ^ ^ ^ 1' 

The results are given in Tables 1 and II. 

^ 1 'abi.k 1 
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DISCUSSIONS 

Choice oj clcclrodcs . — Kxperiineuls carriwl out for the British lilcctrical 
and Allied Industries Research Association have yielded results on the basis of 
minute test such that for good dielectrics, such as eljonite, etc., a sphere and 
jilate electrode generally gave higher values than two discs. Particularly 
for thick specimens the disc electrodes gave lower values of B.D.V. than the 
sphere and plate owing probably to more flux-concentration at the edges of the 
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foniicr. VVe know that the electrostatic held httwccn a sphere and a plate is 
similar to that between two equal spheres, and is practically uniform if the 
distance between them is small compared to the radius of the spliere. When 
it is intended to sec the effect of the surroiiiiding medium on the breakdown 
voltage, the sphere should simply be pressed on the specimen instead of having 
been imbedded in the material. For, in that case the results will, to a certain 
extent, depend upon the medium, as a layer ol this medium will always surround 
the electrodes except at the centre. In these experiments, therefore, the choice 
was made of a sphere and plate electrode. 

r/?r Variaiion of DicUciric Sircnglli with Thickness . — The variation of the 
breakdown voltage with the thickness of lac as well as of shellac-urea-fornialdehyde- 
wood^floor composition has l)eeii shown graphically in Figs, i and 4. For most 
of the insulating materials the dielectric strength decreases with increasing 
thickness according to some function of the lliickuess. The most generally 
accepted formula for this functiou is given by 

V = At^ 

where V — the breakdown voltage, 

t = the thickness of the specimen, 

A and n are constants, the value of h being less than Unity. 



Cl. N, Bhattacharya 



Fig. I 




Thickness of disc iii iiitn- 





Dielectric Strength of Lac 


267 



FiC.. 5 


I'or lac as well as shellac moulded materials this formula has been found to be 
aijplicable. The straight lines obtained by the plot of logarithm of breakdown 
\ oltage against logarithm of thickness have been shown in Figs. 2 and 5. The 
values of the constants A and n have been evaluated from these straight lihes 
by the method of selected points." The variation of dielectric strength with 
thickness in the case of lac lias been shown in Fig. The curves are hyper- 
bolic in nature and these may obviously be explained from the general equation 
obtaining , between the breakdown voltage and thickness of lac materials, 

V = At", where n is less than unity. 

Since we' have, ' V = At" ' 

' ' .x=:At«- / ;■ 

or, , ' r=’At’’-’-At-''""'-At-'' 

\\here t — dielectric strength and n' is a j)OvSitive quantity. 

'rhe last equation of the general form of a hyperbolic curve. The value of w' 
can also be obtained from since 7t'= i the same value of A being applicable 
for both the equations. The values of these constants A, w and «' for both Kusuni 
shellac and shellac-urea-fonnaldehyde-wood-flour comi^osition have been included 
in Table III. Here the breakdown voltage, V, or the dielectric strength, r, is 
expressed in kilo-volts and the thickness, /, in millimetres. 

llie effect of viediuin. — It may l)e seen from the curves in Figs, i and ,4 that 
thu castor oil gave the lowest dielectric stieijgth values an ong the liquids insed for 
^hellacSis well sliellaC“Urea-for;najdehyde-\\ood-floiu composition. The liquid 
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media when ai ranged in ascending order of dielectric strength of lac will be castor 
oil, transformer oil, kerosene oil, xylol, spt. of turpentine, and a mixture of xylol 
and i^% acetone. These liquids were chosen since they have varying specific 
resistance and dilferent dielectric constant values. The data regarding their spccilk 
resistance and dielectric constant arc shown in Table IV. The order of curves of 
dielectric strength in diflerent liquid media naturally shows that it is the specific 
resistance and not the dielectric constant v.hich is effective in making a difference in 
the breakdown voltage values. It may be quite possible, however, that the values 
of dielectric constant and specific resistance measured at low- voltages are quite 
different from those obtained at very high voltages, especially neaT the point of 
discharge or breakdown. It is very difficult to determine the conditions of the 
.surrounding medium under very high voltage stress nearing breakdown. In any 
case the relation between the gradually decreasing value of siiecific resistance of 
the liquid media measured at low voltages and the increasing dielectric strength 
values of the lac is striking. Similar results were also noticed by Inge and 
Walther’ in the case of glass. They found that the .specific resistance of the 
medium was responsible for eliminating preliminary failure of the surrounding 
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dielectric, thus making a wide difference in the results of test on the same insulator. 
1 he dielectric constants of shellac-urea-fornialdehyde-wood-flour composition and 
castor oil may be considered to be approximately identical at low voltages, but the 
relation between the breakdown voltage and the thickness of the former in the 
medium of the latter was not even approximately linear. Naturally, it is not due 
to the non-homogeneity of the electric field that the relation is non-linear. The 
explanation is certainly to be sought somewhere else, at least in the case of shellac- 
moulded articles. It may be due to purely thermal effects owing to the very low 
thermal conductivity of these materials or to any thermal-electric effect as proposed 
fjy Rogowski in his thermal-electric theory. 

7 lic naiuie of breakdown . — Thenatureof breakdown in shellac discs has been 
shown ill a fevvplK)tomicrographs (Plate Vill). The puncture is almost iiivarb 
ably associated with a small crater formed by the melting of the resin on the upper 
side of the disc. U., the side on which rested the sphere electrode. Sometimes 
this puncture is also accompanied by side-cracks. Various patterns for such 
(larks have been obtained, but mostly they are short crack lines emanating from 
the ])uiicluie-liole. binall iiidentatifms around the crater have also been noticed 
probably owing to collisicm of ions moving with high velocity in the intense 
electric field. The craler is iiiclicaled in the plate in (A) and (C) by the black 
caiclosure around a white spot, which is the punclufe piii-holcj and in (13) l)y the 
black spider-like picture at the c'^uilre, from wdiich start three crack-lines. The 
two crack-lines in plate (A) emanating from the crater may also be seen. The 
punctiire-liole in fB) caniu;l be seen, since it was inclined to the surface of the 
specimen, and so in the pholoniicrography light could not pass straightw'ay and 
fall in the field of view- 

It >vas noticed that for lac specimens puncture almost invariably occurred 
some distance away from the centre. In the work for the British l{lectrical and 
Allied Industries Research Association also a sunilar effect was noticed for high- 
grade dielectrics. A theoretical treatment for this effect has been given by 
Whiteliea.1^ ^ and he has shown that this distance should increase with the thick- 
ness of the specimen as w'ell as with the radius of the sphere, but measurement of 
this distance gave no definite conclusions in the case of shellac-urea-formaldehvde- 
wood'flour composition, since abnormal variations were found from sample to 
sample. Naturally other factors were present. For pure shellac specimens, how- 
ever, the variation was small, but still the distance of puncture from the a:xis of the 
centre electrode, even for specimens of the same thickness, was not always the same. 
This only suggests the presence of some weak spots or conducting filaments 
thrpugli which the main current is concentrated and ultimately results in break* 
down as proposed by Wagner in his Local Instability theory. 

The cracks that have been observed to develop near the puiiclure-hole seem 
to be due to thermal effects. Probably they are caused by the suddej&v^ooling of 
the lac disc after it has been melted by the heavy current at the point of puncture, 
IV 
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or even they may result ^frotu sudden heatiuK at the weak spot at the time ot 
puncture. In one instance^ however, three crack lines (Plate, D) were observed 
to originate from a point which was situated at a distance of about S mm. from 
the puncture-hole. A serpent-like pattern on the surface of the disc was also 
noticed to emanate from the puncture-hole in this case, and heading towards the 
point from which started the three crjackdines. The explanation probably is that 
there were tv\'o weak filaments of about the same conductivity on' the part of the 
material covered by the uniform field of the electrodes. On gradually increasing 
the voltage Stress, instability started at a certain instant of time through the two 
weak filaments. At the next instant, as the voltage was raised still more, the 
higher voltage stress was sufficient to cause a puncture through the neater weak 
filament. The breakdown through this filament may cither be due to its slightly 
higher conductivity or to the slightly more intense field, the filament being 
situated near the axis of the sphere electrode. Just before breakdown, however, 
comparatively heavy current was passing thmiigh both these weak spots and the 
pattern is only an automatic record of a spark or current-path througli tlie other 
filament. Tliis recording was made possible by slight melting of the resin owing 
to intense heat of the spark. Cracks, however, developed at the other filament 
due to thermal effect only. I'he puncture did not occur at the second spot since 
the stress was lessened due to breakdown having occurred through the nearer 
weak si)ol at the previous inonienl. 
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A NOTE ON THE PRINCIPLE OF ADIABATIC INVARIANCE* 

By P. L. BHATNAGAR 

AND 

D. S. KOTHARI 

{Received for publication, May 2, igjjs) 

The principle of adiabatic invariance’ first formulated liy Boltzmann, in 
connection with his studies on the Kinetic Theory of gases, acquired added 
importance when Ehrenfest incorporated it in the old quantum theory. It is 
usual “ in discussing the principle, to illustrate it with the help of some simple 
examples of classical mechanics. The illustration of the simple pendulum, due 
to Uinstein, has almost become historic. Andrade " has also considered the case 
of a conical-pendulum where for E/>’ to be adiabatically invariant, it is no longer 
necessary to confine to small angles, a restriction which has tube imposed for 
a simple pendulum. In the above relation E represents the energy and v the 
pulsatance of vibration, where the pulsatance is defined as 2n times the frequency. 

Because of its importance and many applications, it is of some interest to 
have other simple illustrations of the principle of adiabatic invariance (besides 
those referred to above). 

The examples of (i) a comjjound pendulum, (it) an oscillating magnet* I 
and (Hi) an electric oscillating circuit are given below. The case of simple 
pendulum is treated in h, that of compound pendulum in §2, an eltmentary 
general treatment in §3 and the magnetic and electric cases arc given in §4. 

5.1 . Simple pendulum.— We consider a simple pendulum, its string passing 
through a ring which may be moved vertically up and down to change the point 
of suspension [Fig. 1 (a)]- If I be the length of the pendulum, v is given by 

.. / e j dv zdl 

v=-- a/*- and p. 

' / , V 2 I 

Tlie tension T in the string is 

T= »d^® + mg cos 

and the vibrational energy E is 

' E=img/^o. 

where is,.the amplitude of the vibration 

' ’'*• 

* Comniunicated by the Indian Physical, Society. 

t liartfita (t940) has referred to a very intere.-^ting application of thi.s cm 
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The reaction R of the string Ai the ring be 2T sin and it will be 
inclined at an angle (71/2 -^/a) to the vertical. 



When the ring IS displaced npvNards, slowly and coiitiiinoiisly, lliroiigli a 
vertical height (i/, the vertical coinpoiienl of R docs woik and the Joss of eiicigy of 
the system is equal to 

R sin ^^-dl==^rO'^d} = img O'^dl, 


neglecting terms higher than 0 ^. 

Therefore^ the average loss of energy dU becomes 

img 0^ dl—lmg 6^ dl. 


Hence 


dlj 

E ^ 1 V 




or 


K 


constant. 


^ If the displacement of the ring did not take place .slowly and continuously, but say at 
the instant when ^q, the loss of energy would be hng V on the other hand, if the dis- 

placements take place when the energy lo.ss would he zero. 

An alteration in the length of the simple pendulum may be brought about in two ways : 
(/) by moving the ring as discussed above, and (//) bv suddenly clamping the string a little 
below the original point (if suspcnsioit and then rtpeating this procedure of successively clamp- 
ing at lower atid lower points (the displacement of tht* pendulum remaining thesfmie during the 

clamping) It is interesting to note that in the second case il is not but H*', Hint is, 
an adiabatic invariant. 

Suppose that when the pendulum has a dis]>laremrnt 0^ the string is suddenly clamped at a 
displacement dl from the initial pjint of ijuspension, 'Ihe kinetic energy will remain the same 
during the process but the potential energy of vibration will he altered by 

(f {mgi(i-'Cos 0)! dl, 

and, therefore, the average change xyill be ► 

Ei'-constant 


and hence 
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§ 2 . Ct)/H/;oMH£/-/)t;iidu/u^*l||^Cousidei- a c^npound i>ciiduluiM. Tlic pulsa- 
taiice of £»niall oscillation is given t>y 



where /v* is the radius of gyration about the axis of suspension and h the distance 
between the centre of gravity and the axis. The penduluin carries a sliding 
mass, whose motion alters the position of the centre of gravity along the line OO 

[Fig. Kb)]. 

The vibrational energy of the pendulum is 

At the instant when the angular displacement of the pendulum is 0^ let a 
motion of the sliding vveight lower the centre of gravity by a small amount d/t, 
the change in the angle 0 during this alteration of the position of c.g, being 
supi)OvSed to be negligible. As the angular momentum of the pendulum will 
remain constant during the above process, we have 

constant, 

and as the kinetic energy T is 

I 

‘-i mk\- 


we have 


dT _ _ 2dk 
T ~ '~k ' 


u 


Hence we have 


dT ^ _dj 
K "^'k' 


The potential energy of the penchduin in the position is 

jugh{i — cos = tngh - , 

2 

and the increase dh in It increases the potential energy hy 

dV* Jwg d^dli, 


and therefore 


dV ~iiVtg dh^hng dh 

dV 1 df‘ 

E 3 . h’ 


or 
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'riiciefoit 


_Uk ^ 1 dli,^ch’ 
Iv k 2 ll I’ 


or '—constant. 

5 Ah clvnu niiiry iieneral treat nienl : — Consider any simple liannonie 
nioliou defined by 

c/2.v _ , 

m — = — Ax 
di^ 

and i'= \/ ^ ' 

The energy of vibration 1^ is given by 

K=-iAa“, 

where a is the amplitude- When the displacement is x, let A change to A + dA ; 
then the increase in the restoring force is xdA, and the energy of vibration is 
increased by 


and averaging we have 


l/L 

J dA.x dx = idA x*'^ 


dE“ idAa^ 

dU _ I c/A_di' 
H 2 A V 


or ' — constant. 

^ (a). Small Hiagnct ; — Consider a magnet of moment M oscillating in a 

field of strength H. When the deflection is 0, let H change to H + dH, then the 
increase in tlie restoring couple is MOdH and, therefore, the increase in the vibra- 
lional energy will be 

n 

f mdH 


and averaging we have 
As the energy of vibration is 


dK = iM<?§dH. 


K==iMH0§ 

, . /MH 

and ' — -y -j— » 

where I is the nioineut of inertia of the magnet about the axis of vibration- 
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W'c liavt 


'I'licreforc 


K ■ 2 H ” r 


^ = constant . 


({)) Elcci nc oscillating circuil : — We consider an electric circuit cousistint; 
il a capacity c and a self-inductance I, then 


v= V/ and 

^ Ic V 2 C 


Let q be the charge on the condenser at instant i, then 

q — q{) sin vi, 

o 

'['lie electrostatic enert^y at this instant is - and the total energy of the circuit 

2 C 


K is 


2 C 


When the charge on the condenser is q, let its capacity be suddenly changed from 
t to cl dc, then the potential difference of the condenser will be clianged by 

dc 

aiul, therefore, the change in the energy w^ill be 

— fjfdV *= - ^ %dc. 

2 2 C- 

Tlic average change of energy is 

I (it 


and lienee we have 


db>- -- '^Uc, 
A r- 


dll _ _ 1 di _dy 
1i 2 L 


f)i 


V 

- = constant, 

V 


IJNlVIiKSlTV or Di'XHI. 
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PART IV 

ON THE OCCURRENCE OF HIGHLY STRIPPED ATOMS IN 1 HE CORONA 

By a. K. das 

AND 

Y. P. RAO 

i Received lo) piihlicaiiou^ (\1ay 2, tQ4^) 

ABSTRACT. It has recentl)^ hteii iiiinouncecl bv Kdlun that the hitherto unexplained 
MuiNsion lines in the roronnl spcetrinn are due to forbidden transitions in very highly stripped 
iron, nickel and calciiun atoms Th<^ conditions of temperature and pressure in the corona 
arc insuflicicnt to ionise these atoms to such a ^rrcat degree. 'Phe idt*a developed in the 
earlier papers of this series, that the material of the solar atmosphere is coming from the core 
of the sun, is applied to the coronal problems also. Bddington has shown in am ‘ther connec- 
tion that material in convection \\'ill not attain the ecinilibrium ionisation of tlje layer through 
which it is passing, if the convective velocity e.vcccds a critical value. The critical velocity 
for the breakdown of convective c(|uilibrinm in Q region (26,000 km. below the photosphere) 
where iron atoms are stripped of ilu' first fourteen outer electrons is computed as 300 krri /sec, 
npproximately From the available observational evidence it is shown that matter responsible 
for the coronal emission lines can have a velocity exceeding 300 km. /see at a depth of 26,000 
km, in the interior. This explains how the ionised atoms reach the corona retaining the 
iiuiisation ac(juired in the interior. 


T N T R O D U C T T 0 N 

AlthouKh tlie chromosphere and the pioniinences had been visually observed 
for only a little over a century and the existence of the corona as an aureole of 
liglit around the sun during total eclipses had been known from antiquity, when 
the method of spectrum analysis was discovered it was applied first to the 
prominences instead of the corona. It was in r868 that the spectroscope was 
for the first employed for the study of the corona. During the total eclipse 
which happened in that year, only one observer, Tennant, pointed his spectro- 
scope towards the corona, but he saw nothing more than a continuous spectrum. 
A year later during the eclipse of August 7, 1869, three famous solar observers, 
Young, Harkness and Lockyer, observed a single bright line in the green 
'superpoeed upon a continuous background) in the spectrum of the solar corona. 
This was the beginning of the study of the nature and composition of the corona. 
During the seventy odd years that have elapsed since the discovery of the 
green coronal line, eclipse observers have not let slip a single opportunity of 



278 


A. K. Das and Y. P. Rao 


studying llie outer atinosi:)bere of the eclipsed sun ; but the total time that has 
been available for the necessary observations is little over an hour. The surpris- 
ing thing is not that the problem of the corona is still vei-y far from solution, 
but that a great deal of observational data of varied types has been collected 
about the corona. The coronagraph invented and perfected by Lyot during 
the last few years will no doubt increase rapidly our knowledge about the lower 
parts of the corona ; but for gathering information about the finer details of 
structure of the outer corona and about the spectral composition of its light 
we shall still have to depend upon the rare and precious moments of the total 
solar eclipse. 

run u R T n II T - Ty I N K s p r c t r u m of run corona 

The emission line A 5:^03 being the brightest coronal line and being situated 
in a region of the spectrum to uhich the human eye is most sensitive was 
naturally the first line to be observed. In later years through the persistent 
efforts of some of the greatest solar observers and by the use of varied types of 
spectroscopes and spectrographs, with slit and without slit, many more lines 
have been discovered in the bright-line spectrum of the corona extending from 
tlie near infra-red to well into the ullia-violet- In 1018 Campbell and Moore 
summarised all the information gathered from about half a century of ecHi^se 
observation. They listed forty lines observed l)y various authorities during 
totality as possibly of coronal origin. More than half of these have since bepi 
expunged from the coronal list as they arc now known to belong to the chromo- 
sphere. After the 1030 eclipse Mitchell catalogued the wave-lengths and 
intensities of lines which were then believed to be truly coronal in origin ; there 
arc, in all, nineteen lines in Mitcheirs list which is reproduced below, but Mitchell 
thinks that one or two lines of this list may still be suspicious. 


Table T 


Wave-length 
in A ll. 

Intetisity 

Wavi'-Irngth 
in A U. 

Intensity 

Wave-length 
in. A. 11 . 

Intensity 

. 

332S.00 

S 

4oSf) 2 ij 

6 

5303.91 

20 

33 ''^ 7-96 


4231 ,10 . 

8 

5536 .( 1(1 

, 

1 


. s 

.1311 .Cn » 

2 

6374 38 

12 

3600.97 ! 

10 

1 4359 -t»f' 

' A 

1 

6704 00 


,3642.87 1 

1 

3 

: 4567 Ab 

4 

6776.00 

8' 

3800.77 

: 3 1 

1 4586.00 

i 


— 

3986.88 j 

' ^ 

j .5117^00 

n 


, — 
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The above list has been supplemented iu Inter years by the discovery of 
new lines. Particularly noteworthy are the follow ing infra-red lines discovered 
by byot by his new method of observing the corona without a solar eclipse (see 
Table ID, Some observers have contended also that a few lines i>revi6us1y 
believed to be of chromospheric origin really belong to the coiona. For instance, 
Righini’ considers that the emission line at \ 5354.2 previously attiibutcd to 

Taule II 


Wave-length in A V . \ 

1 Tiifeiigily 

7 r, 5 ij.fi 3 

1 4 

1 

78()r.(>i 1 

1 

1 2(1 

8034.21 

13 

107.16.80 

240 

10797 as i 

1 

150 


the chromosphere is a truly coronal line. Similarly, .Sekignti ' argues that his 
and Tanaka’s observations during the iQ 36 eclipse require that the line at 
A 4725.3, which had been rejected from the coronal list as being insufficiently 
supported should be re.stored. lie points out further that this line and several 
other lines observed in the emission spectrum of the corona by the Japanese 
observers are close to, if not identical with, certain lines in the spectra of nebulae 
and novae now know n to be forbidden lines in the spectrum of N II. But 
mere coincidence between certain coronal lines and certain N II lines can 
scarcely be regarded as proof of the existence of nitrogen in the solar corona. 
In fact, astronomical literature abounds in instances in which astronomers, 
have been temporarily misled by coincidences in wave-lengths into believing 
that certain substances have been identified in astronomical bodies. Many have 
been the attempts at identification of the coronal emission lines and several 
workers have found remarkable coincidences between these lines and certain lines 
of familiar elements, but in the long run such coincidences and identifications Iiased 
on them have proved to be illusory. Fresh hopes were,’ however, raised when 
in iq27 Bowen made his great discovery that the so-called ‘‘ nebiilium ' lines 
were caused by certain forbidden transitions of the oxygen and nitrogen atoms ; 
and numerous attempts were made to identify the coronal lines as originating 
in similar forbidden transitions of known atoms, in neutral and ionised condi- 
tions,, but all these efforts were singularly unsuccessful and the old riddle of 
the " coxoniuin " remained unsolved. 

2— *433?— V 
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EDLRN’S IDRNTIFTCATTON OF C O R O N A 1/ LINBS 

In the afore-iTieiitioiied attempts at identification of the coronal lines only 
the possible forbidden transitions of neutral atoms or of atoms which had lost 
at most three or four of the outer electrons were considered. But very recently 
Edlen of Uppsala, who has been studying the ultra-violet and X-ray spectra of 
highly stripiK’d atoms, has advanced strong reasons justifying the conclusion 
that most of the prominent coronal lines arise from forbidden transitions of 
iron, nickel and calcium atoms from which a large number of electrons have 
been lorn off. No copy of Edlen 's original publication is available to us, but 
we understand that his identifications have been accepted by the astronomical 
spectroscojjists of Harvard and by H, N. Russell whose authority in .such 
matters must be regarded as de.serving of the highest rcsi)tct. In Scicniipc 
A tneiicaii, Augu.sl, Tcni , Russell specifically mentitmslhe following identifications : 

Tabi.k III 


^^"avt‘-le|lgtll of coronal 
lint (in A IT.) 

Orij^in 


Fe XTV 

l07y.S, 10747, 

I'c xni 

78ya 

Fe Xr 

6374 

FeX 

36 ''>i 

Ni XVI 


Several other observed lines can also be accounted for by iron, nickel and 
calcium ; but some predicted accessible lines of potassium, chromium, manganese 
and cobalt ate not observed. It is to be noted in this connection that a little 
while ago D. N. Kundu " suggested that the line at A 4359 may be due to Co* 
Edlen ’s identifications of the coronal lines are not based on actual observation of 
the lilies of Fe XVI and Ni XVI in laboratory spectra, but upon an extrapolation 
from some ions earlier in the sequence. The method is, however, regarded as 
highly satisfactory ; it was used some time ago in the successful identification of 
nine forbidden lines of Ee VII in the spectrum of Nova Pictoris. — 

n R t O 1 N OF II T G II L Y S T R I 1* P K 1) A T O MS 

If the identifications proposed ty Edlen are cinrect, then the most important 
question, which requires an answer before anything else, is "How do such 
highly stripped atoms originate in the solar corona?" In Edlen ’s scheme 
the energies of ioni-sation involved amount to hundreds of volts. If the extreme 
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sliite of ionisiitioii of the coronal atoms were due lo the teiuperatmc of the 
corona, then the coroiui would have to be some twenty times as hot as the 
j)hotosi)here. The temperature of the inner corona is however believed, for very 
good reasons, to be of the order of only 3000 “. An equally paradoxical situation 
arises if one tries to associate the leniperaturc of the corona with the widths of 
the three prominent lines A53()3, A0384, A6704 which, according to Kdlen, are 
due to iron. The equivalent widths of these lines as measured by Lyot aie 
0.80 A, O.Q7 A, and 1.07 A lespectively : if these wddths are taken to be due 
lo Doppler effect arising from the landom motion of the emitting particles, then 
the average velocity of the particles works out lo be 3;^ km. per second. Now, if 
we identify this velocity with ihc mean square velocity of thermal agitalioji, 
then a very simple calculation shows that the lenqieiaturc of the corona nnisl 
1)0 of the order of 3 million degrees, W’hich is inconceivable. The only con- 
clusion to l^c drawn from these paradoxes is therefore that here we have nothing 
to do with the temperature of the corona- < )ne might imagine that the observed 
AKitlis of the lines might arise from the nuiUial collisions (/.c., pressure effect of 
tlie ])ai tides of the corona, but tlial would require the density of coronal matter to 
be absurdly high and quite inconsistent with the low-pressure criterion of the , pro- 
ilnction of forbidden lines. The unqiicstionaldy low density of coronal matter also 
1)1 cdiides the possibility of the broadening of llie spectral linesarising (ml of 
Slaik effect due to intense electrical fields. The simplest,' and the most probable, 
exjilanation of the observed breadths of the coronal lines is therefore that the 
ennltiug particles are actually endow-ed with an average velocity of the older of 
30 km /sec., but this velocity is quite unconiiecled with the temperature and Uie 
electvical state of the corona. This points to the source of the highly slripiJcd 
atoms of the corona being located somewhere other than the corona it&elf ; but we 
do not get from this any idea of the process responsible for producing the exlicnie 
slate of ionisation of the atoms. Kvidently one can imagine more tlian one 
piocos's capable of meeting the situation. For instance, M. N, Saha’' has 
suggested that "it is quite possible that stripped iron andnickclatomsaie 
produced in the chrt/Uiosphere or somewhat lower as a result of some l>pe of 
nuclear reaction, analogous to uranium fission, and are projected upw aids with 
energies amounting to millions of electron-volts.*’ We do not know lic^w far 
Ihis view harmonises with the facts of solar observation ; but in private coi res- 
])ondence Prof, Saha has told one of us that he is preparing a paper in which he 
is giving a detailed working out of the above idea. A. K. Das” on the other 
hand has suggested, from entirely different considerations, an alleinalive picceis 
which is also capable of accounting for the presence of highly stripped atoms 
in the solar corona. While awaiting the details of Saha’s investigation and. without 
claiming that Das’s suggestion is in any way belter than the view-point advocated 
by vSaha, we work out in the present paper some details of the former suggestion, 
The process heie considered is roughly as follows: The highly stripped atoms 
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of the coiona which arc responsible for its bright-line spcctjiirn originally foiuiccl 
part of the tleep interior of the sun where the cohdilions of tcinpeiahire, pret^sure 
and density are such that most of the outer electrons of at( ms like iion» nkkeJ, 
cobalt, calcium, eU\, arc torn off. Probably through IciC'al rises in radiation 
pressure these highly ionised atoms arc ejected outwards and eventually reacli 
different levels of the solar enveiope depending upon their velocity of ejection. 
So long as the velocity of outward travel remains below a certain crilical vdocily^ 
the state of ionisation of the atoms is detennined at each level by the local 
thermodynamical conditions. Put as soon as the outward velocity of the atoms 
exceeds the critical velocity, the ionisation of the ejected atoms departs materially 
from what would be expected from convective and thermodynamical equilibrium. 
It is postulated that at some level in the interior of the sun this is precisely 
what hap])ens and thereafter the atoms capluic no more electrons, so that they 
finish their journey in sonic level of the outer envelope in a state of ionisation 
quite incotisislent with the ])hysical conditions of the layer where they arc 
observed. It is to be expected, of course, that the critical level will be differcnl 
f6r different elements. We now’ proceed to see how far this picture is supported 
by quantitative calculations in the case of iion, which w e take as a typical c£isc. 

n S 1' I INI A T T () N C) 1*' C K IT 1 C A h V K h 0 C I T Y 

In the oulinaiy theory the stale of ionisation of stellar material is calculated 
under equilibrium conditions. The ionisation equilibrium is how^ever reacfiecl 
rather slowly, so that the state of ionisation of convecling matter must depend 
very greatly upon the speed of convection. This point has been clearly brought 
out in a recent paper by Sir A. vS. Kddington ^ who has shown that for quite 
small speeds of convection the state of ionisation fails to keep pace with the 
changing pressure and temperature of the material. In our calculation of the 
critical velocity at which ionisation equilibrium in the case of the highly stripped 
iron atoms ejected from the deep interior of the sun breaks down, we have 
followed b.ddington's methed : we give below an outline of the method. 

Consider two layers, A and 13, in the iiileiior of the sun, the latter being the 
deeper. A ]»arlicii]ar type of alcm with a crilical ionisation frequency v loses 
p- T electrons at A and p electrons at B, Ta and T& arc the temperatures and 
Prt and Iby ai e the pressures in the two layers. The ionisation in the column of 
material comprised between the two layers is regarded as being produced (directly 
or indirectly) by the photons entering at the base of the column ; so that an 
increase in the degree of ionisation^can only be produced by a difference between 
the number of competent photons entering and leaving. By Planck's law the 
numbers of photons with frequency equal to or greater than v, contained in a 
cubic centimetre of radiation at tjic temperatures To and Te, are calculated. 
Then, under equilibrium conditions, in^c and UbC ionising pholcns ptr 
cm. and per see. wdll pass outwards acioss the layers A and B respectively, 
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I being the velocity of light. Therefore the number of ionising photons available 
pc) sec. for a column of unit cross-section bounded by the two layers will be 
(n*-Wa). The total inunbcr of atoms in the column is estimated from the 
(liffcience in pressure between tlie two layers by making some reasonable 
iis.s\imptjon with regard to the relative abundance of the elements. If this 
number is N, then the time necessary for ionisation equilibrium to be establi.shed 
N/ic(n»“Ma) and the critical velocity is d/N.Jr (ni, — »„), where d is the 
distance between the layers. 

In principle, the above procedure can be used for calculating the critical 
velocity of convecting matter at which ioniisation equilibrium breaks down in 
any region in the interior of (he sun, although the result, on account of tlic 
neglect of collision excitation and ionisation, slioukl he tegarded only as 
ii|ii'i(.xiniale. It has been found in the ear liir i.mijers of (his Series that many 
nf ll'.e important features of prominences, dark marking.s, the chromosphere, the 
reversing layer, etc., can be quautimtively understood on ibe assumiilion that 
die matter taking part in these phenomena is supplied continually from the core 
which roughly corresponds to a sphere of i of the radius of the sun. We therefore 
ussume that the material of the corona also is derived from the same source, 

It is of particular interest to judge first in what state of iouisalion atoms of iron 
would be if they came from the core and reached the corona without losing, 
dieir ionisation. 

(In the basis of the theory of polytropic gas spheres, the temperature, 
incssurc and density at the centre of the sun are 39 x 10", i jq.b x jo' " dynes/cm.' 
and 76.7 respectively, taking the polylrope index 71 = 3, ^=2. r and ^l=o. 9501 
(the notation adopted is the same as that rn liddirrgtori s Internal Consiilutiou 
iij Slarx). At a pornt distant R0/3.4.S from the centre, the temperature, pressure 
.and density (derived with the help of ivniden s tables) are respectively 23 x 10 , 
i-p.] x dyiies/cin ^ and r5*rq- *Ihe ronisatierr of iron atoirus in tlrrs layei 
comimted from the forrnnla 

log 1 “^ = -I log +8.3023 ... (r) 

® .r KT 

is liie.senled'in Table IV. ’ * is the ratio of the number of atoms withjf)-! 

:V 

vketrons missing to the number withi> electrons missing, is the ionisation 
potential of the pth electron, p and T are the density arrd temireraturc in the 
layer, and R is the Boltzmann conslanl. The mean atomic weight, p, is taken 
to be 2.1 in all these computations. 

It is clear from Table IV that 95% oi tire iron atoms in the layer 
under consideration have lost 24 or more of the outer electrons. If some of these* 
stripped atoms are ejected with velocities high enough to bring about a complete 
break-down of ionisation equilibrium in the expelled mass of atoms, then the 
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Table IV 


p 

1 TriUisation p^iteatial 
i expressed as critical 

1 wave-length, x 

1 —X 

X 

I 

Ratio of atoms with, 1 
/> elcctron.s misbing j 

I , 

"0 it { atoms with 
p electrons missing 



1 - ----- 

- ■ 

... .. - J , 


26 

i 1-35 

1 


i 331 

3 8 24 


I 43 

i.f) 

326 

) 

! 27-34 


: 6.t5 

1 

0 045 

1000 

.Si.gfi 

23 

i 6.57 

1 

0.042 

45 

S '34 

2 2 

i 7 .IS 


2 

0.10 


Note —'Lilt' ionisation potentials given here are different from the potentials for rcniovini; 
K, h etc. electrons as obtained from X-ray experiments, whic h refer to the case of knocking out 
the particular electron from a complete atom. The potentials given here refer to an ion from 
which the outer electrons have already been removed 

corona may lie expected to contain iron atoms which have only one or two of the 
normal 26 outer electrons. The fact that so highly ionised iron atoms aic not 
detected in the corona would of course be no proof of their non-existence, because 
their Sfiectnim lines are quite inaccessible to astronomical spectroscopy. But we 
think that iron atoms in such extreme states of ionisation really do not exist in 
the corona, and for reasons which will be apparent from the following considela- 
tions. If wc calculate the critical velocity for the layer about li® /3 away from 
the ceiilrc of the sun, we get a value of the order of 10^ km. /sec*, which is far too 
gieal to be exceeded by the actual velocity with which atoms may be ejected, so 
that in reality there will be no break-dovvn of ionisation equilibrium. We have 
calculated the critical velocity for other layers progressively farther away from 
the centre of the sun and have obtained similar rcsulls. Then we have tried a 
region where the 14th electron of the iron atom is torn ofl : the boundaries choir en 

are at distances of R0 and RG) from the centre. The coiiesponding 
6.9 o 6.90 

pressures, temperatures and densities are given in Table V. The states of ionisa- 
tion at the two boundaries have been calculated with the help of equation (1) and 
presented in Table VI. 


Table V 


Boundary 

Temperature* 

Pressure 

Density 

6.90 

4.7 X 10*^ 

2.59 X 10 ^ 

0.0001325 

R0 

6.90 

3,9 X 10^ 

1.25 X 10® 

0.0000767 
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Table VI 


p 

Ionisation potential 1 
in critical 1 

V^’ave-lengths j 

% of atoms with electrons missing 

Upper boundary | Lower boundary 

16 

I 

25.8 1 

— 

33 

15 

28.4 

1 

jg'4 


31.7 ! 

1 10. a 

4^-3 

T 3 

35 3 

56.. 5 

28.5 

12 

41 1 

“lO'S 

74 

11 

4.1. 1 

: 10.5 

- 

10 

40 ,s 

1 



On account of the closeness of the ionisation potentials for successive elec* 
lions it is not possible to find a sharp boundary with a characteristic degree of 
ionisation. The difference in ionisation between the two boundaries con he 
summed up asfollows : 31% of the iron atoms which have lost 12 electrons at the 
upper boundary lose the J3th and the 14th electrons at the lower boundary ; 8% 
which have lost 13 electrons lose also the i4lh and the 15th ; 10% which have lost 
1 1 electrons lose the 12th, i3tb, 14 th and J5th electrons. 

The difference in pressure between the two boundaries is 1,34x10*’ 
dynes. /cm, Taking the mean value of gravity to 2.929 x 10^ cm /sec.®, the 
mass of a column of unit cross-section enclosed between the two boundaries is 
4.5 X jo'^ gm. The whole of this mass is, however, not due to iron. According to 
ideas underlying the present series of .papers the material of the solar envelope is 
derived from the interior of the sun, so that there is no special reason to suppose 
that the material of the intericr is essentially different in composition from the 
material of the envelope. We therefore take the composition of the envelope as 
given by Russell to be valid for the interior. From Russell’s mixture we get the 
proportion of metals to the total mass as 32 : 132 and the ratio of iron to the 
metals by Weight as 1000 : 4184. The mass of iron in the column under 
consideration is 2.65 x 10® gin. and the number of iron atpms in the column is 
therefore 2.86x10®'’’. 


Now' by Planck’s law the density of radiation in a thermodynamical 


. ^ • 8?r/iv'* I 

enclosure at temperature T is 

c’ ^,WfcT_j 


For the very short wave- 


lengths, under consideration this may be written as — l^- -, c 


•/iv/feT 


The 
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deusity (i.c., nuinber/cm.®) of photons of frequency equal to v or greater than v is 
therefore given by 



h'lk’l' 


dv 


- /iv/fcT 



h '\ h 


I V -f 2 


fe.T 

h 


9 


Couseqiiently, 


1 

4 


_2;r -^hvjkT 





I'roin (2) wc get for I he value of J nc for the lower and upper boundaries 
2.985 'x; and 5.428 X jo‘^ ’ respectively for wave-lengths shorter than 41. lA. 
Hence the number of photons available per second for ionising the column is 
2..14X 10®'’. 

From Table VI it will be seen that the critical ionisation wave-lengths for 
the different stages of ionisation vary between 28.4 A for the 15th electron and 
41.1 A for the 12th electron. For wave-lengths below 28.4 A the value of log 
(J ric) at the lower boundary is 25,3278, while for A = 4i.r A, it is 26.47<iy ; the 
margin of variation is more than ten times. The absorption of photons by the 
iron atoms to attain equilibrium ionisation is as follows : 

18% absorb below 28.4 A 

49% absorb below 31.7 A , 

41% absorb below 35.3 A 
10% absorb below 41.1 A 

Thus the absorption is greater below A = 3i.7. To allow for this we 
take the total number of effective photons to be one-fifth of the value for 
A = 4 i.i A. Hefore proceeding to the estimation of the critical velocity, another 
important factor has to be considered. So far it has been tacitly assumed that 
all the photons are available for the ionisation of iron atoms ; this assumption is 
certainly not justified. In the layer under consideration the ionisation of most 
elements (other than hydrogen and helium) is incomplete, so that the atoms of 
these elements will naturally use up some of the available ionising photons. It 
may reasonably be assumed that the photons will be distributed apiong the 
different elements in accordance with their relative abundance. “According to 
Russell’s estimate the proportion of metallic ttoms to all atoms (except H and lie) 
is I 14,: 3.14 and the ratio of iron atoms (atomic weight 55 .i'^ 4 ) to the metallic 

atoms (mean atomic weight 28) is ’J-'- ■ ^ or i 791 i H.9.30. The propor- 

tion of ionising photons available to the iron atoms is therefore 0.04355, and 
accordingly the total number of photons available for ionising the iron atoms in 
the column under consideration is 2.44 10"“ x 0.2 x 0,04355 or 21 .25 x 10”. The 
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total number of photons reejuired for equilibriiiiii ionisation of the iron atoms 
2.86 >< lo** X 118 


IS 


100 


or 3*37 ^ Now the numl>er of photons available per 


second is 21.25 X io“*. Therefore the time required for ionisation equilibrium 
is 15.86 seconds. The distance between the two boundaries is 5039 kni., and 
consequently the critical velocity for the break-down of ionisation equilibrium is 
318 km. /sec* This means that iron atoms travelling outwards with a velocity 
of the order of 300 km. /sec. at a depth of about 26000 km. below the photosphere 
will have a good chance of reaching the corona with ii to 15 of their outer 
electrons missing. We may note here that 300 km. /sec. is quite a moderate speed 
compared to the scale of velocities sometimes observed even on the surface of 
the sun. 


D I S C IT s S I O N AND CONCLUSIONS 

Now the question is : ** Is there any evidence to justify the conclusion that 
particles ejected from the interior of the sun actually travel with velocities 
of the order of 300 km. /sec. or more at a depth of about 26000 km. below the 
photosphere?'' Naturally there can be no direct evidence, but the evidence avail- 
able, though indirect, appears to be decidedly in favour of this conclusion, The 
spectrum of the corona shows the Fraunhofer lines in addition to the emission lines 
superposed upon a faint continuous background. This Fraunhofer spectrum of the 
corona can only be the result of scattering of the disc spectrum by the particles in 
the higher reaches of the corona. From measurements of the plates secured during 
Ihc T922 , and 1932 eclipses, Moore ^ comes to the conclusion that the scattering 
particles have an outward velocity of the order of 15 to 25 km. /sec. Of course 
Ibis velocity cannot be regarded as very accurate, but it may be taken to represent 
the right order of magnitude. There seems to be some doubt as to the identity 
of the scattering particles. According to a view expressed by (aroliian * which 
seems at present to be rather widely accepted, they must be considerably larger 
than ordinary molecules. If Grotriaii s view is correct, these particles could 
not have come as such from the interior, and therefore they would have acquired 
tlieir outward velocity through bombardment by other particles coming from 
below the corona. If we identify these latter with the particles ejected from the 
interior of Ihe sun. then we must expect them to possess, when they reach 
the corona, a velocity considerably higher than 15 to 25 km. /sec. When one 
considers the retarding forces which must operate upon particles travelling from 
the depth of^ 6oine 26000 km. I>elow the photosphere to a height of 10' to 20' 
above the limb (where the above velocity has been measured), a diminution of 
the initial ^ velocity by a factor of 10 or more seems entirely probable. Thus the 
depleted Fe atoms ejectedi from the deep interior of the sun may very wxdl have 
a velocity of 306 km. /sec, or higher during their putwai-c? travel through the 

3-^i423p— V 
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26000 km. level. Of course, on account of the nature of the data available for 
tire calculations, the position of the critical level should be regarded only as n 
rough estimate, but the significant point is that the calculations indicate the 
existence of such a level for the Fe^ ’’ and Fe“* atoms. 

The boundary at which ionisation equilibrium fails will be different for 
different atoms depending upon the ionisation potentials, the atomic weights and 
the abundances of the different species. The ionisation potentials foi the i4tli 
electron of Fe, the 15th electron of Co and the i6th electron of Ni are as 
20 : 32 : 3b. These are so close to each other that ionisation equilibrium for all 
these three atoms will break down in a fairly thin layer not very far from the 
26000 km. level calculated above. This helps us to understand to some extent at 
least why the lines of these atoms appear prominently in the coronal spectrum. 
Another point which looks favourable to the process imagined in the present 
paper is that the lines identified by lidlen as being due to Fe'"“ and Fe'” are 
stronger than those which arise from less highly ionised iron atoms. The 
intensity of any emission line in the corona will depend upon the abundance of 
the appropriately ionised atoms and the luobability of the tran.sition which gives 
rise to the line. If ionisation equilibrium breaks down in the region considered 
above, then the number of Fe^‘“ and Fe'’ atoms in the coiona will be much 
Ifess than the number of Fe'"" and Fc' ” atoms. This may partly explain the 
greater intensity of the Fe^ and Fc"“ lines over tlie Fe"" and Fe' 

The outer parts of the corona which scatter the Fraunhofer spectrum are 
believed to consist of particles much larger than ordinary molecules. In fact, 
according to (Irotrian, the sun is surrounded by a dust-cloud (perhaps of meteoric 
origin) which is composed of particles having about 3 times the size of an ordinary 
molecule. Observational data show that the Fraunhofer lilies of the corona are 
displaced witli respect to those of the disc spectrum in a way which shows that 
the dust-cloud is moving outwards. with a velocity of 15 to 25 km. /sec. ; also the 
coronal Fraunliofer lines are not wider than the ordinary Fraunhofer lines, show'iug 
that the scattering particles are not endowed w'ith any extraordinary random 
motion. At the same time the widths of the emission lines A5303, A6374 and 
A6704 show' that the emitting Fe otoms have a random velocity of the order of 
32 km. /sec. These observational facts are just what one would expect from the 
process imagined in the present paper as w ill be seen from the follow ing con- 
siderations. The particles coming from the interior would have to possess a 
velocity of 50 km. /sec. or more outside the photosphere in order that they may 
reach the outer corona ; this follo«s from a rough calculation based on the 
equations of motion derived in the earlier parts of this series of papers. These 
particles will, through impact, impart an outward velocity to the heavier particles 
of the dust-cloud w'hich will therefore show an expansive velocity of a smaller 
magnitude than the velocity of the particles coming from the interior. The 
impinging particles wili, on the other hand, be slowed down and deflected through 
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collisions ; this will appear as an average random velocity which will sliow itself 
as a broadening of the emission lines. 

Finally, we may also mention tlie genera! correspondence which exists 
between solar activity as judged from sunspots, proniini rices, eruptive phenomena, 
etc., and the intensity of the coronal emission lines. vSolar activity is admittedly 
due to some deep-seated variations in the interior of the sun, and therefore the 
above correspondence points to the interior as the probable place of origin of the 
highly stripped atoms of the corona. The same indication is given by the fact 
that some of the prominent coronal lines are observed also in certain nova . 

Sole added in proof 

Soon after the present paper was sent out for publication Prof. Saha’s paper 
entitled “On a physical theory of the solar corona” appeared in the Pror. Nut. 

lust, of Sc. oj India, Vol. VlII, pp. 90-136. The standpoints of the two papers 
are so fundamentally different from each other that it does not seem profitable 
yet to compare them. Both theories require to be developed much further and 
given greater deilniteness before it can be possible to form a reliable judgment 
in favour of one to the exclusion of the other. 

Soi.AH Pnvsics Ohskrvatokv, 

Kodaikanal, South India. 
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THE STRUCTURE OF ATOMIC NUCLEI ; 

By M. F. SOONAWALA 

(Kccelvcd for publication. May 6, 

ABSTRACT. • The posfsibility of atomic nuclei vuiisisting of smaller nuclei of comparable 
ina.s.se.s i.s discussed. The depth nud width of the potential holes corresiiondiiig to the miclenr 
eiici gv are calculated for some nuclei The expected musses ami charges- of the exchange 
])articles "holding the nuclei t(jgcthcr are- r-alcnlatcd for .some cases The nuclear spin.s of .some 
of. the rare gases are derived by comparison. 


The study of the propertie.s of the aloniic nucleus has received niucli attention 
ill recent years both from the tlieoretical and the experimental standpoints. 
Prominent among these has been the work of Bohr who has considered in detail a 
model of the nucleus, now familiar as the liquid drop model. On the other band, 
the essence of a theory propounded by the present writer some years ago’ is to 
consider the nucleus as resembling a binary or multiple stellar system in which 
there are a few components of comparable masses. A few simple assumptions led 
to a unified scheme of arrangement of the different elements, which fell into 
naturally related gioups- 'I'he components of the nucleus were assumed to be 
provided by the rare gas nuclei and the protons. Considering only the binary 
systems composed of two components, a satisfactory picture was obtained of the 
building up of chemically similar uuclei, On making a second assunjption of 
positron emission (the newer version of cleclronic absorption), whole series of 
chemically similar elements take up their jdaces in a naltnal way in a new kind of 
periodic table, which is reproduced here as Table 1. The fundamental particles 
have since increased in number following the discovery of the neutron, the posi- 
tron, the meisotron, and possibly the neutrino and the aiilinenfrino. A large 
number of new isotopes has also been discovered, and the laws of interaction have 
been investigated. The inherent consistency of the original scheme makes it 
worth our while to revise and re-assess it in the light of these new discoveries. 

The large number of isotopes which have been discovered during the. past 
few years fit in well into the scheme for two nuclei made up of two components. 
A very complete list of the lighter isotopes up to mass 40 has been given by 
Barkas.® The isotopes of Na, Mg, K and Ca, and most of Cl, fit in quite well, 
isotope by isotope, as constituted of Ne, A and He nuclei and protons. The 
existence of a number of isotopes of Ba has come to light and these find places 
in the uuclei originating from X. 
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Coming to the question of the interaction forces holding the nucleus ihgethet; 
wc cannot do better than follow the lead of the well-determined investigations 
juio the structure of the deuteron. The natnie of the force there found is of the 
exchange type, first introduced by Majorana. We may imagine the deuteron 
nucleus as composed of two neutrons with a positron moving between them, 
attaching itself to the neutrons alternately. During the period of such an attach- 
ment the neutron becomes a proton, and the nucleus consists of a neutron and a 
|)roton. When the positron disengages itself from the proton and goes over to the 
neutron, the nucleus once again consists of a proton and a neutron, wlith their 
)>c)sitions virtually interchanged. This mechanism may or may not correspond tb 
reality in nature ; but the force derived from this idea of the interchange of 
positions of the constituents of the nucleus has l>een shown to be sufficient to hold 
llie deuteron nucleus together. The potential function is found to be of the form 
\i~^’ I r, where i/A defines the range of the inlermiclear force and is given by 


_ awMr 

"/i “ 


where M is the mass of the exchange particle.^ This range is taken extremely 
.small, the exchange force being effective for values smaller than this and virtually 
disappearing at greater distances. The depth, V, of the potential hole, and its 
breadth have been investigated for certain representative forms of the function.* 
'I'o calculate the approximate values of the depth and breadth of the potential 
hole of the deuteron nucleus, we follow the general procedure adopted by Bethc 
and Bacher.'’ The wave equation for a nucleus made up of two nuclei of masses 
M] and Mg can be written down as 


M 




Mjy 0.V2® dyi 


oir' 


EoV' 


I*’ 




'1) 


Here V' signifies a function of the co-ordinates, as 

= yi, zi. Si ■, Xi, ys, Z 3 , s^) ; ... (aa) 

and [1^] the same function with positional co-ordinates interchanged, as 

= yt, Z 2 , Sy-, xi, y’i, zy, ss). ••• (ab) 

Here .v,, yi, zi, s, denote the co-ordinates of po.sition and the spin of Mj, and 
'2. J';', ^2, s-2, similar quantities for Mg. The equation indicates an exchange 
force of the Majorana type, only the spatial co-ordinates of M) and being 
interchanged without their spins being affected. The condition for this is that 

vU'a, y/2, 2.2, 1'l ; a^i, y I, si, J2)=Ei(a:2, y2i )’!» 2 i).F2(j . sa) ••• (3) 
and 

'f'U'i, y,, zj, S| ; Xg, yg, zg, 53) = Fi(xi, yi, z\ ; xg, yg, zgl.FsUi, ij). (4) 



M. F. SoonaWala 


294 

Thi$ leduces (i) to 


iJ, 'mV ^"2 KoFxUi, x.i) 

= -j^2- JW FjUa, :vi). ... (5) 

Here .T] ^nd a: 2 denote, in short, ail the corordiuates xi, yx, ej, and xg, yg, 23. 
J(j) is the, potential energy. We introduce new variables x, y, s, describing the 
motion of the centre of mass of the system, and 7, B, the polar co-ordinates of 
Mj relative to Mi . The relation between the different co-ordinates is given by 

.MjXi + Mg.r.j 




M) -H Mg 


_ M ) y 1 + Mgy.j , 
Mj+Mg ’ 

M|S | +M.2 g2 . 

Ml + Mg' ’ 

r sin B cos 0 = A'g - x i ; 
I 7 sin ^ sin ^>='3'2 — ; 

r cos B=zz ~z\. 

The introduction of these co-ordinates reduces (5) to 


... ( 6 ) 

... (7) 

... ( 8 ) 
... (q) 

... (10) 
... (ii) 


M 


:i / a«Fi e^Fi , ,a*Fi \ , 0 , / o dF, V_,„i a®Fi 

1 + M 2 \ 9 9 dz^ ) M I r"^' 0 r y dr ) r® sin^ 6 ' 00® 


*'Ane- d« ' *'^)i ■^1'“' ■J(.).F,U, J, ^,-r) ... (,i) 

Here M/e is the reduced mass of the system given by 

■ (13) 


aMiMg 

Mi-hMg’ 


We separate the equations by expressing F] as the product of a function of 
.V, y, z, and a function of r, B, <i>. 

I^'ll-v, y, z, r, B, (;.) = F(.v, y, 2).U(r, B, <i>). 

Introducing this in (12), it separates out into the two equations 


0*F 
, a r'-' 


+ 0 H- Mg)Ii,.F = o, 




(14I 

(1-5) 


0 j. 0f j /“^shv*^ c)?*'* r'^&ihB -60 1 bB 


E. u(r) = 4J^ M. J(r). U (-r) = o ; 


(16) 
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with 

The equation (i6) can be expressed as 

7;¥^-^U(r) + E. U{r)=J(r). U(-r). 
4"^ M 


... (17) 


... (i8) 


-K=«, 


■ ■■ (19) 


the binding energy of Mi and Mg. 

Assuming the potential energy to be spherically symmetrical, we can 
separate (18) into the polar coordinates ; as 

U(r)= ... (20) 

r 

P;,„ being a spherical harmonic duly normalized. Now, if the polar coordinates 
of a point :r, y, £, are r, 0, those of the point will be r, 7r + 0. 
Also, 

=(-T)'.P/m(e)."”^ . (21) 

The wave-equation for u becomes 

— w(V-2' - 

4Jr-'M\ 9r^ t* J 

l''or (he ground state, I = o, and assuming J to be negative, 

vs Ip 

n is not to become infinite for large values of r, and is to vanish as r for small 
values of r. J(r) has the essential character of an exchange force, being cfiective 
within a range a, say, and becoming negligible in comparison with h for r >■ a. 
We have assumed the exchange interaction potential to be of the form 

J(r)“ -V.— , the range ^ being defined by 
r A, 


2nM'c 


... (24) 


M' being the mass of the exchange particle. With 

-At 


equation (23) becomes 


w = .4!L®W ( _ V. - E ]«. 


4— 1423P— V 



m 

If we put 
then. 
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:c*=Ar, 


] — ^( 1= 4?^’ -A ( 


drv dr j di\ dr dx I dr ' dx \ dr dx I d.t® 


liquation (26) becomes 




d-u , 4ff*MV c-^ 4ff*Mfi 
d.r-' ■ x /7'‘*A2 


This can l)e put in the form 


._4'r‘*MV 

~Pa“* 


At .T=o, (31) assumes the form 


The function 


satisfies this relation, because 


dJ^x 


^ + -.«o = o. 


Mo®=A.a;.e ^ 


which, for x — ►o, becomes 


d^i^ ®!*o 4.0® 
dx* “ X 4““* ’ 


^Q + iLiio,=:,, 
dx-' X • 


Following the procedure adopted in similar cases,® we put the solution to be 
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where v is developable in a Series. On substituting in (31), 



= v" + p{x) .v' ^ 5(x)n 


... (40) 

uhere pix) and qix) are the coefficients of v’ and v. Here /)(.v) has a pole of the 
first order at .r= o, and gCr) has no pole of an order higher than the second. 
We put’ 

h(v) ^ v" + xi2 - ax)v' + V i ^ — abx^ ax^ +--- — + ] 

\4 2 ! .-j! / 



= (x) 4 TPa(x) 

= 0, 

(41) 

lU'ie, 1-jt 

Pj “ clq -f A' 4 4 . . . 

... ( 48 ) 

and 


••• (43) 

Compariug 

(42) and (43) with (41), 


and 

^0 = 2, 

= —a, 

atj = 0 (for n > 1 ) 

• (44) 

and 

0 

1 ! 

0 



/i,=o, 

(^ 2 =^- — ab — a, 
A 



We express v as the series 

^4».-|,,etc. 

• • (45) 

In general, with 

r ' 

= ,'C^(co 4 '‘^l* + C88:* + -”)' 

(46; 


U.K)- 


(47) 
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llie coefficients f’sj are oblaij4ed by inakiug the itidividual coefficients in (47) 
vanish ; when we get 

/o (/>) = /o(P - 1) + 0 + /?o . 

+ ^i 



/»(p)=®p.o« + /=f«. 

... (48) 

In our Case 

/o(p)=P(p-l) + 2p ' 



fiip)——ap 

K ,1 


/2W = —fc - r j 



f,(p)= ", 

2 ! 



/4(o)=--“ , etc. 

3 ■ 

... (49) 

The coefficients < ’s satisfy the equations 




••• (50) 


ci./ofp+i) + Co -/5 (p) = f'i 

■ (jt) 


Ci.fo{p + 2 ) + Ci.fi{p+l) + Co.j 3 {p)=- 0 , 

(52) 

etc. 



Tlie first of these gives the judicial equation ; for, 


giving the values 

p[p-l) + 2 p = 0 

p = 0 

••• (531 

and 

p==-l. 


For p=(j, (51) gives 

Ci=0 ; 

( 54 ) 


C2 = - iaB ; 

( 55 ) 

where 

Ij=r 1-6-1 ; 

4 

... (56) 


11 \ 3 2 ; 

••• ( 57 ) 


120 1 2 4 y 

... (58) 


etc. 

For p=~i, we get identical coefficients for the series in v, which is to be 
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exj)ccted as the two values of p differ by unity. A second solution would be of 
the form 

V = jy-v 1 (-v) .log .r + V 2 (.r) , ... (50) 

uliere ■j'i = Co + ci.'c + C2:v® + ... ... (60) 

and 1 ' 2 = c'„ + L-',.r + r'2.v '* + ... ... (61) 

'I'he solution {59) contains the term log .v ; and, therefore, it is of no interest 
1(1 us.“ 

Thus we take 

v=A.x'i(.v). ... (62) 

I'rom this, 

.r ^ .r 

= .T = A.A-.r (ro + t:2A:‘^ + r;iA:® + ...) (63) 

^ « ,r A /I — ^ 

and w' = A.f’ ^ (t'o ~^-xc (co c -h ) 


4- A.A.C ^ (2f2A' + 3t\iA;‘' +4(-^A:'M™ ...) 


-A.x.e ^ + j.r‘^+ ^5C4 - + ... (64) 


rmting M and w' in the forili 

n se 

u—A.Co.x.e ~ (1 H- bi-v + Zn^.v® + ...) 

-“*/ I . \ 

and u'=A.Cq.x.c “I — — ao + + ■•• )j 


(65) 

( 66 ) 


u' 1 



U a: 


— ao + (<^1 “^b2)x’^ {aob^"^ * 


a: 2 3 


a \ , ax 


^1 ^ 
12 3 


\ 

^ _ I \ 

3 2 ' 


(67) 


I'ollovving Betlie and Backer, we can derive some useful information from 
I67). h'or, J(r) or V can be assumed to be negligible for t'> i/AY/.e.. .v > i. 
Then (30) reduces to 


d'^U _4!r'®Me 
dx^ 


Or 


and 


U= C.0 


2 nV Mf 

hX 




u’=^ 


27tC 


__ V Me 

v^'m« .. "/A 


... ( 68 ) 

... (69) 

... (70) 


. e 


liA 

U' _ _ 2 ^y Me 

U feA 


SO that 


{71) 
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Fig. I 

If we evaluate u’lu ior any point, and if it is found to be positive, the point 
must lie on the ascending part of the curve, AB. Similarly, a point for which u'ju 
is negative lies on the descending part BC of the « — x curve. The former condition 
holds for too low a value of J(r) and indicates instability ; while, on the other 
hand, the latter condition denotes stability. We may suppose the values of u'ju 
calculated for x > i and for .v < i to join up smoothly at x= i. 

To a first approximation, from (67) ' 


Equating this to (71) 

i- ... 1731 

2 ii\ 

Substituting the values M — 1.67 lo"-*'* gni., fi = 3.42X io~‘' erg., M'=i30xil)e 

eleclrome mass, we find for the deuteron nucleus, 



-ST- 

... {74) 

This gives 

« = 3-36. — 

■ (75) 

Retaining terms including 

r in (67), we get the second approximation. 


I - 

a ,ab , a ^ ,q 

1- — + =—0.60. 

2 na 3 3 

... (76) 

From (32) and (33) 

0.46. 

... ( 77 ) 

This gives 

u=3.8. 

... (78) 
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Relaining terms up to x'‘ id (67), we get the further approximation 


M 3 3 9 36 36 


This cubic equation is satisfied for the value 

a=3.5- 

Adopting this value of a, (33) gives 

From {81) and (34), 

A.V. = a.6ox 10"'' tTg = i6.4 million electron-volts. 


(79) 

(So) 

(81) 

(83) 


The essence of the exchange theory is that two of the constituent particles 
of the nucleus virtually exchange their positions, and this is effected by the 
oscliange particle transferring itsedf periodically from one of them to the otlier. 
The aid of a similar mechanism can be invoked to form a basis of the hypothesis 
advanced here that the rare gas nuclei form the principal constituents of the 
other nuclei. Thus a nucleus will consist of two equal particles of equal mass at 
equal distances and in line w'ith a residual particle of the remainder of the mass of 
the nucleus. If this residual particle be taken at the centre of the co-ordinates, 
the co-ordinates of the two equal particles will be taken to be ;v and - a respec- 
tively. According to our view, each of these equal terminal particles will be one 
of the rare gas nuclei composing the nucleus. Thus, Na®'"’ nucleus will consist 
of two particles of protonic mass with a residual particle of mass 21 between 
them (Fig. 2). 



Co) -t-iof (-t-c) 


Fig. 3 

The exchange particle will be a heavy positive electron oscillating between 
the extreme particles and converting each of them in turn fi'om proton to neutron 
and back to inoton, exactly as in deuteron. The central particle will then cany a 
charge -f roe. Similarly the structure of Mg®^* nucleus would be represented 
by Fig. 3. 

4 i» 1 

o - . 0 — o 

(o) -flOC (-|-2f) 

Fig. 3 


The moments of inertia of some nuclei are knowm. For example,"^ the 
uioment of inertia of is 1.2 x 10“"^*; of Mg®**, 6.25 10 , and of AcX , 

2.2x10“*'’. If 1 represents the moment of inertia and A the atomic numlx;r, 
tben, the relation between log I and log A is very truly linear for the above three 
values, indicating -the relation 1 = 2.53 lo’'''® x A’ •’’‘b Thus, for Ha , 
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I« c.o >« Presuming the structure of the nucleus to be represented 

by Fig. 4, the distance between the extreme particles \\ ould be given by i .0 x 10“"^ 

4 130 4 

o ... .. o 

(o) +54^ (4-2^) 

Fig. 4 

= 8 X j .67 X X ; or, 2r = 5.47 x 10“'^ cm. Similarly, for, 

X Kr^*-^cni. Taking these distancCvS as the range, i/A, of the interaction forces, 
we can calculate the mass, M, of the exchange particle fioin 

27 rr 

For Ba’-’", M=6.3S ^ 10“®'' sni. = 7.oi xm, and for Mg*”, M=2.S35 x lo"*” gni. 
= 28.05 xm, where ni is the electronic mass. We may, therefore, expect to find 
particles of masses 7 x m and 28 x m and of charge + 2e in any process involving 
the disintegration of the Mg®” and Ba’ nuclei. 

We have assumed the constituents of the Mg®” nucleus to be Ne®® and Hc'^ ; 
and, therefore, the binding energy of Mg®” would be given by the mass defect 
of the constituent particles, and would amount to j.qi x 10"® erg. Applying as 
in (79), with M=6.68 X jo~®^ gm., <tb = 220.2, and 0 = 31.7. Then, (32) w'ould 
give V = 3.8 X 10"' ”. Similarly, for Ba' 0 = 129, \' = 3.8 x 10"'”. Table 11 

shows similar calculations for some other nuclei. ' 

Tahi,e II 



F X 10® 
ergs 

1 / a. X 10 ^^ 
cm . 

1 X 10^*^ 
gin, cm.® 

M 

1 

e 

Na*» 

1 .603 

2.41 

4-85 

15-9 

. >4 

K®» 

1.115 

3-75 

11 72 

10.25 

1 

Cs’* 3 ® 

0.601 

10.48 

91 67 

3.66 

1 

Mg®* 

1 ..S 4 .S 

1.248 

5.20 

30.8 

2 

Mg®6 

1.467 

1 .29 

5 56 

29-05 

2 

Mg“ 

1. 912 

I 368 

6.25 

28,05 

2 

Ca*« 

1,184 

1-913 

12.2 

20.08 

2 

HqUB 

1 2.254 

5 47 

100 0 

7.01 

2 

CPS 

2.65 

3 ' 4-13 

9-91 

11. 16 " 

1 

C|S 7 

1.236 

3*58 

10.72 

TO. 72 

1 

Br 7 » 

0.75 

.3 30 

38-3 

5-67 

1 

Br«' 

1,212 

() 90 

30-8 

536 

I 

iiw 

0 301 

10. 1 

84-9 

3.80 

1 

Ni®* 

4 32 

1 17 

22.8 

! 26.08 

10 

D 

0,3421'” 

^>.3833 


1 130 

1 


Tlie mas.'! TM of IJje exchange particle i.s represented in the above table in terms of the 
electronic mass as the nnit. 

K i.s calculated from the isotopic masses as given bv Barkas'® and by Aston.*® 
e is the charge upon the exchange particle in terms of the electrOnir charge as the tmit. 
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The artificially activated fission oi the uranium nucleus presents a problem 
bearing very directly on the view put forward here.'* The products of this fission 
are known to be X, Kr ; Ba, Te ; Cs, I ; Br, Rb, Sr, Se ; La, Y ; Mo; Mu ; Sb, 
and, perhaps, Ag. It is of extreme interest to note that, excepting the doubtful 
product Ag, all the above-mentioned products of the fission are represented in 
the scheme of Table 1 as made up of either X or Kr as one of the components 
with the addition of a proton or He or Ne nucleus ; while the structure ascribed 
to the U nucleus is X plus Kr. Thus, Ba and Te are products from X and He 
nuclei ; I and Cs from X and H nuclei ; La and Y from X and Ne nuclei ; Br 
and Rb from Kr and H nuclei ; Se and Sr from Kr and He nuclei ; and Mo and 
Ma from Kr and Ne nuclei ; and Sb from Kr and A nuclei. This would indicate 
that the products of the fission are X, Kr, Ne, He, and protons, in addition to 
neutrons whicli have been observed experimentally. If we consider the IT nucleus 
to be a binary system whose component are X and Kr, then, the lighter nuclei, 
He- Ne, and H, would have to be traced to the disruption of one or other of the 
X and Kr nuclei. The fission of uranium seems to provide a convincing demons- 
tration of the fact that the constituents of the atomic nuclei are of comparable 
masses, and that these constituents are provided by the nuclei of the rare gases as 
outlined here. 

For the time being, we can only speculate on the nature of the exact mecha- 
nism by which the incident neutrons loosen the bonds between the constituent 
particles sufficiently enough by disturbing the exchange forces to cause these 
constituents to fall asunder. It is probable that some kind of resonance is set up 
in the nucleus at the entry of the neutron into it. 

Another aspect of our theory is the change in the isotopic number which 
would give a family of similar elements. In the original exposition, this vvas 
provided for on the assumption that, after the formation of the biiiaiy or multiple 
nucleus, the isotopic number was changing by absorption of negative electrons. 
For example, the synthesis of X and A produces nuclei of the second group of 
the rare earths, whose number is further increased by absorption of one or more 
electrons. We would then have elements ranging in atomic weights between 
i6o and 176, and ranging in atomic numbers from 72 downwards. This shows 
a fair agreement with facts, the atomic weights of the second group of the rare 
earths from Tb to H£ lying between 159 and 176 and the atomic numbers between 
72 and 65. A better understanding of the phenomena leads us to believe that 
it is extremely improbable that electrons hold a free existence in nuclei. We 
have, on the other hand, abundant evidence to support the view that it is protons 
and neutrons that exist in the nuejei as their ultimate constituents. We can, 
therefore, replace the above assumption of the absorption of electrons by one of 
emission of positrons. That this is possible can be concluded from a comparison 
of the masses of the several primary particles involved in the process. ^ The 
masses of "proton, neutron and electron are» respectively, 1.00812, j. 00895 and 

S-— V 
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0.00055 mass units. If we consider the neutron as the primary particle, then the 
proton consists of a neutron plus a positron, and its binding energy will be giy^^ 
by the mass defect 

1-0089,^ +0.00055 — 1.00812-0.00136 mass units. 

Evidently, this is not possible on the view that it is the proton that is the primary 
particle, and that the neutron is composed of a proton plus an electron. For, 
the binding energy would have to be 

1.00812 + 0.00055 — 1.00893= —0.00026 mass units, 

which is a uevative (piantity. Thus, there arises a probability of the proton 
disrupting into a neutiou and a jiosilron. The exact circumstances under which 
this would be possible cannot be understood ; but w e have a similar case of posi- 
tron emission in artificial radioactivity. Similaily induced instability in neuclei 
of binary or multiiile character wtiuld change tlie isotopic number to yield the 
various elements of a group. 


Taiu.e III 

Jsotoj)c and their nuclear .spins, 1 
Those for the rare gases are derived from the values of the others 


Isotope and components 

I 

Na*> =Nc” +H 

3/2 

Kro.'U = A68, 40 +H 

3/* 

Br7i> +H 

3/2 

Hr«i =Ki«'' +II 

3/2 

Rb85 +11 

5/2 

Rbei =Ki«« +H 

3 /* 

Csi33 file 

7/2 

i»I) 4 ii**) 

5 /^ 

H 

1/2 

He 

0 


1 

A38 

I 


1 


1/2 

\V»X ilMl) 

7/2 


We may be justified in assuming that the spin of a nucleus is the algebraic 
sum of the spins of its constituents. In Table III are listed some of the values 
of nuclear spins that are known with any degree of certainty. From these we 
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can surmise the values of the spins of the constituents, which are also included 
it] the tabic. 
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PROPAGATION OF SUPERSONIC WAVES IN 
LIQUID MIXTURES AND INTERMOLECULAK 
FORCES : ETHER AND ACETONE IN 
CHLOROFORM— III 

By ram PAUSHAl) 

{Rt’i'i’h'fd Ini piibliialinn, Alay (i, nj/jj 
INTRODI.CTION 

ABSTRACT. Ultra-soiiii' vclci itics iiurt adi.ibatio coiiipri'.ssibilitii .s have bei'U ileteniihied 
(i| tli(! solutions, cther-i'lilorofonii and acclonc-diloroforni. The conipressibilitj-foiu'enlration 
( iiiveilie below and above the straight lines for ideal mixtures in Tether-chloroform and 
acel one-chloroform rcsspeetively. It is the first ease, wlierc ether and acetone have behaved 
oppositely with respect to chloroform. Previous work on these solntioiis in various other 
lields is .sketched and combining the findings in these v\ ilh the results on compressibilities, 
it IS shown how in these solutions both hydrogen bonds and dipole associations are present, 
and how ronipre.ssibility-dcteniiination is a method for finding which of the eomhinations^^ 
livdrogcu I loud or dipole association preponderates. In acctoue-ehlorofonn hydrogen bonds 
preponderate, while in etlier-chloroform, dijiole associations preponderate. 

This paper is the third of the series ' on liquid mixtures.' The experi- 
mental technique and the basic considerations have been described in the first 
paper and will not be repeated here. 

Ethers and ketones are jenown to form abnormal solutions with chlorofoiiu. 
with respect to solubility, heat of solution,' viscosity, dielectric polarisation, 
vapour pressure, volume contraction, etc. Both ethers and ketones behave simi- 
larly in respect of the above properties m chloroform and some sort of close 
relationship is supposed to be formed in the solution. 

In our experiments, they behave absolutely in the opposite way, as will be 
evident from the graphs. In acetone-chloroform the compressibility-concentra- 
tion curve lies above the straight line for the ideal case, and in the case of ether 
chloroform it lies appreciably below. This means that the intermolecular or 
inter-group forces in ether chloroform are enhanced while those in the other 
decreased as compared to the ideal case. This is a unique observation in that 
ethers and ketones have been observed to behave oppositely in chloroform. ZT. ‘ 

E X P E R I M N T A L. R E S U b T S 

The experimental technique and basic considerations relating compressibility 
to mplecukar interaction have been given in the first pai>er.and will not be repeated 
here. The following are the results ; 



m 


H. Parshad 


Mixture : Kther-Cui.okueorji 

Terap. = 27 '’. 2 C. 


No. 

i 1 

of ether 

I )ensity 
gm./ee. 

Velocity 

III /s. 

1 

Conipres.«ibility 

(adiabtic' 

»< 10 in bar ' 

1 

0 

i 466 

1 

j 9847 

70 3 

2 

•0665 

X. 45 J 9 

981.5 

72.6 

3 

.0792 

1-398 

977-4 

75 t'' 

4 

.349 

1^55 

947-5 

^ 3-9 

5 

.338 

i.r8i 

975.3 

89.0 

6 

■'1.36 

i.iog 

976,1 

94.8 

7 

590 

.gg6 

978.1 

105. 0 

8 

•644 

•955 

976.8 

109.7 

9 

.875 

•795 

980.0 

131.0 

10 

I 

7025 

980.9 

148.0 


The velocity-concentration and compressibility-concentration curves are 
plotted in Fig. i. 

The velocity curve sliovv.s a vvell-detined niinimuni at iiiolc-fraction oi ether 
of .25. 



Figure 1 

The compressibility curve always remains below the straight line correspond- 
ing to the ideal case. 
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Mixture ; Acetone-Chloroform 


Tenip. = 27“.5C. 


No, 

Mole-fraction 
of acetone 

Density 

gm./cc. 

Velocity 
til Is . " 

Comprcfisibilfty 

(adiabatic! 

X 10“® in bar ' 



. ™ . — , — „ , 



1 

0 

1 . 47 * 


<> 9-5 

2 

.lOQ 

1.403 

W 4 

73.2 

3 

• 331 

J .268 

' 1 OOQ 

77‘5 

4 

•524 1 

1 I3J 

i ‘>37 

82 2 

5 

730 

.991 

1077 

86,9 

6 

.909 

.856 

J139 

90.1 

7 

I 

.788 

1183 

907 


The velocity-concentration and compressibility-concentration graphs are 
shown in Fig. a. 



Figure 2 

The velocity-curve remains below the straight line and compressibility-curve 
above the straight line conesponding to the ideal case. 

From Figs, i, a, we gather the important fact that ether and acetone behave 
oppositely in chloroform with regard to compressibility of the solutions, In ' 
ether-chloroform the compressibility is less than that for the ideal case, and in 
avetone-chloroforra the compressibility is greater than that for the ideal case. 

It will, be our purpose in the following to discuss and explain this opposite 
hehaviotir of ether and acetone, 
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Since this is the first case when acetone and ether behave oppositely in 
chloroform as against the numerous other properties where they act in the same 
way, we must go clee[) into the subject requiring full discussion. 

DISCTKSSTON 

CH,v C2H5V 

The slTuciure of molecules. — Acetone, yC = ()and ethei'a yO have 

cii/ 

the peculiarity, as is evident from the structural formulae, that the negative end of 
their dipoles, /.r., O atoms are on the outside of the molecules while the positive 
ends arc embedded inside or distributed. The forces of cohesion arising from 
dispersion, induction and dipole action are very short range forces, varying in* 
versely as the sixth power of the distance. Further, the effectiveness of the 
contribution depends not so much upon the magnitude of the dipole moment as on 
its actual position with respect to the remaining part of the molecule. Dipoles, 
well-embedded in the molecule or distributed, have little action as compared to 
those on the outside. In the case of acetone and ether, the positive end being 
well-embedded inside, there will not be much dipole interaction energy between 
two molecules as compared to, say, the dispersion energy. For this reason, these 
liquids will be absolutely unassociated. This has been confirmed experimentally 
also, for example, by measuring their dielectric polarisation as a function of con- 
centration when they are dissolved in some inert solvent like benzene or carbon 
tetrachloride. 

CK 

Chloroform. — Chloroform, Cl yC — H has the dipole C—H and the three 

CK 

negative atoms Cl that are known for their electronegativity, i.e-t electron-attract- 
ing or proton-repelling power. Also these Cl atoms .due to their jmlarisability 
polarise the C — H dipole. Now in the molecule of chloroform, as is evident from 
the structural formula the positive end 11 of the dipole is open to the surface. 

Now, when acetone or ether is mixed with chloroform, the conditions become 
ideal for dipole action, the negative end C) and positive end 11, of dipoles of 
different molecules being on tbe surface. For this reason, the unlike molecnle.s 
will be atti acted to each other strongly and many abnormalities will arise in the 
properties of the solution as compared to the ideal case. Some soit-of complex is 
supposed to be formed between the unlike molecules to explain the abnormalities. 
The question that has not been settled well, yet, is what is the exact nature of 
intermolecular relationship. ( )ur compressibility data seem to decide the nature 
of the relationship. ^ 

In order to appreciate the light thrown by our compressibility data on tlie 
mode of behaviour of the solutions, it will be necessary to give experimental evi- 
dences of the existence of strong similar intermolecular action and the attempts 
that have been made in forming a suitable intermolecular picture on the basis of 
these data, 
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Heat of Madeocl and Wilson studied the heat evolved when ether is 

mixed with chloroform in varying coiiceiilralions- The maxinuim heat is evolved 
at or very, close to equimolecular proportions. This indicates that any comidcx 
formed might be having one molecule of ether and one of chloroform. 

By applying the law of mass action, it was deduced that 14 to 20 per cent, of 
the molecules are mutually attached at 15*^0. The method, however, lacks preci- 
sion. A similar abnoniial heat of solution is found in acetone-chloroform. 

Partial pressures , — The solutions show large negative deviations from Raolt’s 
This shows that molecules are lield together strongly in a complex, of 
whatever nature it may be, so that it is more difficult for molecules to evaporate 
iu this state, than from au ideal solution- Dole/.alek'^ concludes fiom the study of 
vapour pressures of ether and chlorofonri mixtures that at jg' C. about 24% of the 
molecules are combined. This is a siightiy higher percentage than that deduced 
I)y Macleod and Wilson from heat of mixing. 

Volume coiilraciion on mixing . — ^'hcre is a volume contraction of 3.25% for 
au equiniolecuiar mixtnie of ether and chloioform. On the other hand, the 
volume contraction for acctonc'chloroform is only. 10%.^ The wide difference 
Ijctween the two values is significant and will be discussed afterwards. 

Solubility. — Zellhoefcr, Copley and Marvel'* measured the solubility of 
chloroform iu ketones and ethers and found that ethers and ketones are highly 
soluble in chloroform, indicating strong iiitei molecular action. They investigated 
the effect of different forms of RgC) and KuCO in CIIX, on solubility, wXiere R 
and X denote any radicals. 

Dielectric polarisafion .^ — Olasstone ® observed that ethers and ketones have 
abiiorinal polarisation in tri-halogeiiomethane.s. The abnormal pc/.ai isation must 
be attributed to the fact that the dipole moment of each constituent was greater 
than its usual value as a result of association with the other. 

Infra-red absorption spccira.—Gonly^'' has observed the absorption spectra 
in solutions of chloroform and bromoform in various solvents including ketones, 
esters, ethers and amines. In the region of 4/A, a band has been observed 
which apparently is not charactexistic of the spectrum of either the solute or the 
solvent. Because of the intensity of the band, it is thought to be a fnnclair.enlal, 
Cordy thinks that the most reasonable interpretation is that it is an NH or OH 
vilxration resulting from interm olecular hydrogen bond formation between the 
ClI of chloroform and an N or O of the solvenU The band for the bromoform is 
weaker than that for the corresponding chloroform solutions, 

Gordy again remarks that allhough the spectra indicate tlie formation of 
fiydrogeh bonds in the manner suggested above, it is not aI)solutely necessary 
that they must combine in cider to produce the absorption actually found. Ibe 
6 — 1423P — V‘ 
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dielectric constant of the solution and other factors can probably also produce 
the results, the niaj^nitude of which is extremely small. 

DISC TI S S I O N O F I K T H R M O h K C V h AR A C T I O N 

From the above list of experimental evidence, there seems no doubt that 
there is stroiij^^ inlernioiecular action, and now we wish to investigate the exact 
nature of the inlcrmolecular process taking place. 

Two probable pictures of intei'molecular action have been proposed to account 
for the abnormal proi)erties of the mixtures, and there has been a lot of discussion 
as to which of the two is in fact taking f)lace. The two i)j'Ocesses are as 
billows : 

(/) Hydrogen bond formation 
(a) Dipole associalicai . 

Hydrogen bond . — The ( ) of acetone or etlier is supposed to donate two 
electrons to the H of chlordform, as is represented in the figure 

CnHC()-->HCCl3. 

Due to qiranlum mechanical consideration, there will Ic in fad a icsonaiice 
as showai 

Dipole association . — In this case the H and () are attracted under their 
mutual fields, but there is no actual donation of the electrons. The dipole 
association may be represented in the figures as 

/ 

\CH3CO H-CCI3 

(Uasstone’' was the first to put forw’ard the hypothesis of hydrogen bond forma- 
tion from his studies on dielectric consents. There is a long discussion about 
hydrogen bond versus dipole association in his paper to which the reader may 
refer for greater details. Zellhoefier, Copley and Marvel have discussed the 
problem from the solubility considerations to which also refeieiice may be made. 

Up till now the situation is that the experimental facts listed above can be 
explained on botli the hypotheses, for both assume a great mutual attractive 
force between the unlike molecules through their different mechanisms. The 
usual tests of the liypoUieses have been made by introducing electron- 
repelling or electron-attracting groups in the two molecules of chloroform, and 
of acetone or ether end then investigating the change in their mode of interaction- 

t)n the hydrogen bond theory they are explained as due to tlieir 
attraction or repulsion on the two electrons, thus affecling the tendency foi 
donation, while the same results are explained equally well on the dipole associa- 
tion theory by involving the polarising action of those groups on the electrons 
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ill question. These groups will aller the eleelrou distribution of the respective 
bonds of chloroform and acetone in a way leading to a greater or less attraction 
between the unlike atoms, and thereby producing the observed effects. 

There has been thus, so far, no critical criterion or observation which would 
show unambiguously the presence of one form of interaction or the other. 

Now we shall show that our compressibility data are incomparably belter in 
deciding for the mode of iuteiaclion. In the following vve shall discuss the 
effect of hydrogen bond formation or dipole association on compressibility. 

II Y I) R O G K N BONUS AND t' O M 1’ R li S S I Bl L 1 T Y 

The compressibility will increase on hydrogen bond formation and may be 
sliown to be as follows : 

As show'll by Keesom and London, ** the average cohe.sivc energy over all 
jiosilions between two dipoles of moments /a, and at a distance K is 

n=- - 

3 ■ ■ fcT 

(/.' is IJoltzmann’s consUuit ; T, absolute temperature). 

It has been shown * that compressibility behaves in the inverse way to the 
cohesive energy. In the to and fro motion in the liquid under ultrasonic waves, 
il is not one molecule which is the unit, but a whole associated structure, which 
may be composed of more than one molecule. Of course, when the molecules 
are free individuals, they singly form the units in the oscillating motion. 

Now when the two unlike dipoles are at a distance from each other, there is 
cohesive energy among them as given by the above formula. The cohesive 
energy will increase rapidly as the distance still decreases. Hut when it becomes 
so little that the two molecules become a single unit through the hydrogen bond 
or otherwise, the cohesive energy between them, though very strong, gels 
Milcd out from contributing to the decrease of compressibility concerned in the 
problem of sound projjagalion. Now it will be the cohesive energy between 
two such separate units, that we must consider for .sound propagation. 

As a hydrogen bond is formed, making two molecules as one close unit, the 
distance gmong the separate units will become greater than the distance that 
would have been between two free molecules in the absence of hydrogen bonds. 
As is clear from the above formula, the cohesive energy is very sensitive to 
distance, falling off as inverse of the sixth power of the distance. Hence this 
increase Of distance on the formation of hydrogen bonds will lead to the increase 
of compressibility. 

Besides, the dipoles in hydrogen bond will become effectively shielded for 
wielding' any cohesive effect upon other units or molecules. Il has alieady lieeii 
shown how shielding of dipoles reduces the inlermolcculai activity of dipoles. 
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It 1 ms been found lliat compressibility of water decreases as its leinperatuie 
rises, altliough the distance among the molecules is increasing due to theniial 
expansion. This is» no dt>iibt, due to the breaking up of hydrogen bonds, which 
fact has been amply confirmed by infra-red and Ran.au siicclra. Again in the 
mixture of water and alcohols, it has been shown that the decrease of com- 
pressibility from the ideal ease is due to the breaking up of hydrogen bonds. 

In a solution, thercfoie, the occurreiue of hydrogen bonds will decrease tie 
cohesive energy below the ideal value, or in oilier words, the compressibility 
curve will lie above the straight line conesponding to the ideal case (see acetone, 
chloroform). 

C ( ) .AI r K If .S S I II I M T Y .AND J) I P ( ) I, JJ S S O C I A T I O N 

In dipole assoiiatioii, there is no actual donation of electrons. The distance 
between the two molecules in dipole association is obviously greater than that 
when a hydiogeii bond is foinicd, and the molecules vibrate as separate units 
in sound oscillations. This means that the strong cohesive energy betw'cen 
them is directly concerned in sound propagation, and the compressibility will 
therefore be mncli decreased. Again, in dipole association, there will not be a 
similar shielding as in the ease of hydrogen bonds and the dii)ole activity will 
be present at all times as contrasted to the case of hydrogen bond. Alllliese 
will lead to a lowei value of compressibility than in the case of hydrogen bonds. 

'I' n If. M t X r V R p; 

In ellier-chloioform, the compressibility is below the ideal value, while in 
acetone- chloroforni, it is above the ideal value. The conclusions lo be derived 
from the compressibility data, with regard to hydrogen bond vetsus dipole 
association theory, becomes self-evident in the light of what has been said before. 
They may be leiieated as (i) in aeetoiie chloroform, hydrogen bonds are formed 
and (2) in ether cbloroforni. dipole associations are formed. 

By examining the structure of acetone and ether molecules, it is quite easy 
lo sec why one type should prefer one way of coupling to the other. In acetone 
the C = 0 dipole has its ‘O ’ absolutely unshielded by the rest of the molecule and 
its dipole moment is quite high (2 D). Both these factors are favourable foi 
hydrogen bond formation. In ether on the other hand, the 'O ’ atom— is relatively 
more shielded and the dipole moment is less (1.5 D). These may be taken as 
strong reasons why in acetone-chloroform hydrogen bonds are prevalent, whije 
in etber-chlorofonn, the dipole associations. 

Voluiui: conlraction. — The dala*on volume contraction on mixing suppoit 
our findings. Ju ether-chloroform there is a larger contraction (r. 25%) while iu 
acetone- chloroform, a comparatively much smaller one. 

In ether-chloroform, dipole associations being prevalent, there is high 
eohesioual energy leading to this contraction, while in acetone-chloroform due to 
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the formation of hydrogen bonds, forces among units whether in the form of 
free molecules or bonded molecules, are much reduced ; this will explain the 
experimental findings, 

l^apour-pressurc . — The data on vapour-pressure deviations can be explained 
quite easily on our views since in ether-chloroform mixture the escaping molecule 
has to overcome the attraction of its neighbouring dipole or dipoles, associated or 
free, while in the acctonc-chloiofonii solution, it has to overcome the bond energy 
of its partner. 

However, while keeping our main conclusions intact, we may accei)t a 
modified picture as well- 

It can be seen that there is really no difference of kind but only of degree 
between hydrogen bonds and dipole association. When the H of chloroform 
and O of ether or acetone approacli voiy near together under the a\,tion of 
elecirosiatic forces and random heat motion, conditions become favourable frr 
the transfer of tw^o electrons from the (J atom, and a hydrogtn bond may thereby 
be formed. When the two unlike molecules, on the other hard, aie at a greater 
distance, it may not be iiossible for the transfer of electrons, but still il is a dipole 
association. Hence it seems that both dii:>ole associations and hydrogen bonds are 
present, their relative pieponderance depending upon the circumstances of the case. 

>So, in our actual case, we are led to the plausible conclusion that ^t) Hydrogen 
Ixiiids are preponderating in chloroform-acctone solution; (2) Dipole assccialids 
are preponderating in chloroform- ether solution. 

Thus the determination of compressibilities is a new method of deteimining 
the nature of preponderance of the combinations between dipole associations cr 
Iiydrogen bonds, 

In the end it is niy great pleasure to thank Prof. D. M. Bose for his keen 
interest in my work. I tender iny hearty thanks to Dr. A, K. Dulta for his 
unfailing help and suggestions during the investigation. 

lioSK iNSTii'urn, 

Calcutta. 
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ON THE IDENTIFICATION OF LINES IN THE SOLAR 

CORONA* 
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ABSTRACT. The elements riaiiiied as being pre.sent in the solar corona have been 
examined from a spectroscopist’s standptjint, The possibility according to Saha's theory of 
the solar corona, of the presence of other elements in the neighbourhood of Fe has been studied 
and the reasons of the absence of many of them have been explained. The prc.scnce of Co has 
been .suspected in the corona. 

I. INTRODUCTION 

The identification of the lines in the solar corona which had long defied the 
attempts of physicists and astronomers appears at last to have been possible by 
the brilliant discovery of Orotrian and Kdlen that the most intense coronal lines 
may be ascribed to forbidden transitions of highly stripped iron, nickel and 
calcium atoms. The details of the identification as far as known at present is 
given below (Table 1). 

Table I 

Tines in the Solar Corona 


Wavelength 

A 

Frequency 

Intensity 

Origin 

Remarks 


30039.46 

2.8 

— 

— 

(. 1359 ' 

29762.24 

— 

— 

— 

3388 10 

29506.62 

44 4 

Fe-*‘* ... 3 />’ Ts- 1 D 2 

Identified by Kdlen 

3454 13 

28943.59 

5-6 

— 

— 

(3461) 

28885.14 



— 

'35051 

28522.54 



— 

(3534) 

28288.49 

— 

— 


3601.00 

27762.17 

4.4 

2 p -ip, 

a a 

Identified by Rdlen 

(3626) 

27570.76 

— 

— 

— 

(3641) 

27 ^ 57 *iS 

— 

— 

1 

3942 '9 

27442. 86 

..... 

— 

— 

(3648) 

27404*50 

— 

— 

— 

(36511 

27381.98 

j 

— 

““ 

— 

38oo’8 

26302481 

V 1 

— 
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TABtB I (conid.) 


Wflvekngtli 

A 1 

1 

I'''re9ucm*y 
cm ^ 

Intensity 

Origin 

1 

j Remarks 


25865 9r 

.... 

X, 

rrs 

cs 

+ 

Bowen obtains a line at A3871 9, 
and a.ssigns it to the transition 
given liere. 


1 25693.08 ! 

— 

Fc*< ... 3 rf<«n 4 -SF 4 

(?)P<dp Text 

3986*9 

25075,07 

,8 

— 

— 

^(>86. 3 

a 44 <i 5 'i 3 

1.2 

— 

— 

<4130) 

24206-37 

— 

— 

— 

(4131 4) 

34298.06 

— 

— 


4 ^ 31^4 

23626.21 



— 

(4244 8) 

23551.63 

— 

— 

— 

431 J 0 

33189.97 


Ni+i‘ ... 3 /> 5 *P, -U-j 

( ?) F/df Text 

4359 ‘'> 

22934 61 

<.8 

Co+‘< ... s/-*?,-*!"- 

4 • 

Identified by D. Kundu (1941) 

( 439 «> 

2273T.24 



— 

(4533 4 ' 

2205.1 28 

— 

- 

— 

,1567,1. 

21890.09 1 

r.2 

— 


45«6 

21799-40 

— 

— 


(47^2) 

21171.56 

— 

— 

— 

14723) 

31158,12 


— 

— 

( 4779 * 

20919.04 

— 

! 

— 


19706.72 


— 

— 

5116 05 

195 >10 *98 ; 

4.8 

— 

— 

5302.86 

18852.52 

no 

... iP *l’i -*P. 

J B 

Discovered in 1868 by Harkne.ss 
and Young. See further. 

5536 

18058,58 

— 

— 


(5694-0' 

' 7557-48 

— 

— 

— 

f \^74 51 

15683.15 

28 

re^j’ ... 3/’ft 

!l * 1 

Discovered in u>l4. Identifica- 
tion due to Grotrian. 

6704 83 

14910,51 

3-3 

““ 

Discovered in 1929 by Grotrian. 

7059.6 

14161 21 

4 


— 

7891.94 

12676.68 * 

29 

... 3 /’‘'‘'P<i~^Pl 

Identified by Grotrian. 

8024 2 

12458-88 

1.3 

j 


10746,8 

9314-4 

240 

Ve^« ... 

Discovered by Dyot (1934) by 
means of the Coronagraph. 
Identified by Bdlen. 

10797'9 

9261.0 

150 

Pe+K ... 3 />**I‘i-’Pa 

If 
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The table is taken from Salia^ with slight modifications, The number of 
lines in the corona whose existence is admitted by all workers is :j:,% but, from 
time to time, other lines have been claimed by various workers* Such lines are 
shown in round brackets. The intensities are calculated in units of of the 
intensity at the same wavelength of the photospheric emission comprised 
within jX. 

The exact physical conditions in the solar corona which give rise to these 
highly stripped atoms have not yet been satisfactorily solved. Attempts were first 
made by Russell^ to explain them on a incteor*show*cr hypothesis but certain 
experimental facts, for example, the broadening of the lines towards the reversing 
layer, did not fit in with it. The subject was taken up in inoie details in an 
extensive paper by Saha who after a critical review of the whole problem came to 
the conclusion that some nuclear reaction like uranium fission might be going on 
in the reversing layer, and the theory uorked out on this assumption agiees very 
well with most of the observed facts. Without concerning ourselves with the 
explanation of the origin of these highly ionised atoms, we propose to discuss 
tlie problem of identification of the coronal lines, which, though partly solved, still 
needs further elucidation. 

now ttip: dtscovkry was madp: 

From lidlen’s data on the spectra of highly stripped atoms, (Irotrian noted 
that the line A 6374 was given by the difference ^P3/2 — of the fundamental 
:*/i‘"^state of Fe'‘^ and A 78g2 was given by the difference of Fe^^^ ... 

3/ri. With this clue, PMlen tried to trace the origin of the other coronal lines. 
From his data on lines of stripped Fc-atoniSi he identified the other lines rs showm 
above. Russell stales that Kdleii has been able to ascribe certain other lines to 
hfghly stripped atoms of Ni and Ca, but as FdleiFs paper has not been available, 
this has not been shown. 

Russell says that 35 out of tlie 22 well-established lines appear to be due to 
highly ionised atoms of Fe, Ni and Ca. Apparently none of the other elements 
Cr, Mn, Co, etc., has been found . From the fact that these elements are promi- 
nent also in iron meteorites, Russell appears to throw the suggestion that the 
coronal lines might be due to large scale meteoric flashes in the outermost almos- 
r)here of the sun, though the subject has not been further pursued. 

But spectroscoi)ists are well aware that the absence of the lines of an element 
may be due to many other causes and mere absence of certain lines does not 
always indicate the absence of the element in sources, for the corresponding 
lines may fall outside the observable region. No one can, thus, make a positive 
assertion without a critical discussion. For this purpose, a systematic examination 
of all the available data for tracing out the corresponding lines of neighbouring 
elements has been undertaken. The results of this investigation are shown in 
Table II. 

7~-^i423P--.-V 
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5 ^3104-^1^3662 A 4314 A51S5 : A 6374 i A 7949 A 10053 (76570111^^155250111 ^ 432S cm - 3124 cm"* 2x65001 
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.<■ M JIT II 0 1) OF tALClLATJON 


The 




®l\^/2] lines. 


1 he eleiDcuts range from Za * ^ to K ' having Al-likc structure. The data for 
these isoelectrohic elements were available for Al, Si' ... from various 

workers, a valuable guide in this search being provided by the extensive bibliogra- 
phy given by Boyce® oii atomic spectra in the vacuum ultra-violet. The values 
for Fe and Ni were taken ba the assumption that Edlen’s ideI^l^catiou of the 
line A 5302.86 from Fe**® and A 3601.00 from Ni**® was valid. We know that 




_ Ra®(Z~o-)* 
“ nH{l + i) 


where 

R = Rydberg constant, 

<‘=Sommerfeld’s fine-structure constant, 

Z = atomic number, 

(T ~ screening factor, 
n = principal quantum number, 
aud /=aziiuuthai quantum number. 

The screening factor <t was calculated for the known atoms by using the alx)ve 
formula (Table III). The values of <r were plotted against atomic number 
(Graph 1) and a- for the unknown elements Zn, Cu, Co, Mn, Cr, V, and Ti found 
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from the curve by interpolalioia and extrapolation. The Av*s were lliei) 
calculated by using the al)ove relation* 

77 / 6 ' 

The ekineiits included are from ^ to K The data for these Si-like 
aloms were available only up to and (Robinson^). So no extrapolation 


Taw.k III 

and vSerecning factor 

i! 2 


PllniKiK 

A y j 

<T (calr \ ^ 

Reference 

A I 

1 12. u7 

7.326 ■■ 

'Snha, Mod. PJiys.j 571. 

Si< ’ 

j 87 

0.82 



559 5 

(>519 

ij 

S'*'* 

tJ.SH 2 

6 318 

>» 

CP^ 

1500 

6.147 

»» # 

AHO 

22 lU 


Parker & 1 Mi i Hips, Phys. Rev., S8, 93, (1940). 

IV'' 

3? 23 ; 

^ 5-97 

Whftford, yV/y**, Kr'i;., 46 , 793 (1934)* ^ 

:.Ca+’ ' ■ 


5-87 

■ j * ' : ■ , ' ' ' , 

Sc+» 

1 

57 A^ 

5.82 

Kruger »S: Pln’llips, Pliys. Rev., 82 , 97 {r937). 

Ti^” 

- 


- 

V 

— 



Cr '• ' ' 

— 

— 

' 

Mm-"*’ 

— 

— 


Jfe 4 . . 

18S55 

5-57 

Hdleii 

Co+ ‘ • 

, '• — 



Ni*" 1 

- i/ 7702 44 

S -50 

,K<lIen 


was attemiHed as this leads to larg^error when the elements arc very far removed 
from each other. ^ - 


The 2tP^-configUfaiion, ^ 

The elements run from to K'^ and have P-like structure. The data 

are available only up to aud’ Ca** ' (Bowen T So extrapolation was not 
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practicable. Now. it will be fouud from Table 1 that iron atoms having ^p, 
i,f)^ and 3/^"^ electronic structure have all Ik^ch found in the corona but uo 3/’*^*liues. 
liut this cannot be used as an argument that Fe"* ^ is absent in the corona, for 
since Fe^ and Fe ' are present, must be present. The data for the 

being insufficient, an altcnipt was made to study how 


diflerenccb progress from element to clement with 2/v^-Configuration. But there 
too the available data were too meagre for the pm posc. 


3 /> '^ - r 0 n/rg ura / io?] . 

The elements range from Zn'^^ ^ to Reliable data were available up to 

10 IV). On laljulaling the data, it was found that the lines for the 

*^>2 ^Pi — U)2 differences had already become so short that it W’as 
not necessary to extrapolate up to Zn for them. The '^Pi differences again 
would give lines too far iu the infra-red. The lines for the ^P^ ^Pi differences 
alone were in the observable region. The log Av's for these vS-like elemcnta 


Tab^k IV 
3/?^ — lines 


Ton pPr" ’'*P^ kefcreiKc 


s 

398 


— 


Bachcr & Goudsrnit, Al . Efictgy 
StatrSj p. 397. 


694 

— 

— 

— 

.. p. i 4 <'’ 


1 IJ 3 A 

12S88 

— 

-- 

JSoyce, Phys , kt V-, 48 , 096. 


1673 

I47I3 

16386 

641 

Bowen, JVfys. Rcxl. 46 , 791. 

Ca'* 

2404 

16427 

18831 

862 I 

II 

Sr+''' 

,, 3350 

38047 

21397 

1136 

Kruger lSc Pattin, Phys , Ruv ^ 62 , 631. 

Ti+fl 

45-10 

19580 

24120 

1360 

ICdlen, Z. fur Phys ., 204 , 190. 


6000 

21130 

27120 

15S0 

ij 


t 

7860 

2268U 

30540 

1740 

II 

Mir**" 

I 0 .(X )0 

34250 

34-^50 

1 7C.0 

1 1 


1268U 

25820 

38500 

1760 

IP 
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lip lo were pleated iigainst the atomic nuralx;rs mid the wavelengths for 

Co, Ni, Cii, and Zii were ol<taiued by extrapolation (Crapli 3). 



Figuru 2 (Graph 2) 

The elements run from to These elements are isoelectronic 

with Cl. Data were available up to Co (Table V). The lines for Ni, Cu and Zn 

Taw.k V 

3^5 '’-lines 


Ton 

■'v. 

P 

Reference 

Cl 

883 

Bowen, Phys, Rev , 81, 497. 

A+‘ ’ 

1433 


K’» 

2X65 


Ca+’ 

3134 


Sc+» 

4.338 

Kruger & Phillips, Phys. Rev., 61, 1087. 


5835 


V*" 

7657 


Cr+» 

9947 

•1 

Mn+* 

12576 

. >» X, 

Ife+n 

15690 

Rdlen, fur Phys. l04, 407. 

Co+"‘ 

19280 






Lo^ [A->>3p'>(^P3rt-=Pi*)] 
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were obtained by plotting log A»' against atomic inunbei as l)efore and extrapolat- 
ing the curve (Graph 3). 
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Figure 3 (Graph 3) 


4. DISCUSSION 

The^ lines identified by Grotrian and Edlen are mostly due to 3 ;^j '^- combina- 
tions of Fe and-Fi and two lines due to 2/5 '-combinations of Ca. The data 
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for the 2/) '-sequence being insufificient for extrapolation up to Ca, we have studied 
only the 3/’'‘-configurations of elements in the neighbourhood of Fe. 

As has already been pointed out, the 3^®, 3p* and 3^® lines of Fe have 
been observed in the corona. The absence of 3/)^ which on Saha’s theory, must 
also be occurring, is easily seen to be due*to the fact that the . wave-lengths 
diminish very rapidly for the 3f’®-conibinations and for Fe and Ni the lines 
would be too short to be observed. The line A 3872 is interesting in that Bowen'' 
has observed that this single line due to 3^)'’ ^P.^ — comes in the spectra of 
nebulae N C. C 7027, 7662. The coronal line A 3865 whose wave-length is very 
uncertain may be due to this transition. 

Presence of other elements. 

Since the exact theory of a three-fold fission of the type assumed by Prof. 
Saha has not yet been rigorously worked out, we do not know exactly the masses 
of the fragmentary nuclei. Assuming, therefore, that the theory is siibstaulially 
correct, one may justifiably look for the presence of elements close to Fe and Ni, 
for example, Cu, Co, Mn, Cr, V, Ti,...etc. If they occur, the strongest lines will 
be due to 3/) ®Pi/2 — ®P3/z, 3^''’ ®P3/2 — ®Pi/2. The probable position of these 
lines is shown in Table IT. We find that the ^Pi/2 — ^P3/2 -combination gives 
us lines which cannot be traced beyond Ni, as they lie in the short wave-length 
side of A 3000 (for Cu it is A 3017). For Co we have a line A 4359 tentatively 
identified by the author ^ . If Co occurs at all, this line would come first as in 
the case of the line A 5303 of Fe. The Mn-line is A 6527 and we do not have yet 
any such line in the corona. The lines for Cr"’^’, A 814S and A 10318 may 

be looked for in the infra-red. Though Lyot”, by his excellant coronagraph, has 
succeeded in photographing the coronal lines in board day-light up to A mSoo, 
yet by this method only the intense lines can be studied. The investigation of 
this region during total eclipses is thus still an useful work for settling the 
irroblem of the corona. Ti, Sc are tod far in the infra-red. 

Turning to the ^p^' “P3/2 — ®Pi/3 lines, we cannot go beyond Cu. The 
copper line is A 3662 and there is a number of doubtful lines here, e.g., A 3648 and 
A 3651. The accuracy in the measurement of the w'ave-lengths of the faint 
coronal lines is very small for, owing to the short duration of the totality of the 
eclipse, the sijectrographs have necessarily to be of low' dispersion and high 
light-gathering power so as to enable the fainter lines to be photographed. The 
line A 5185 for Co^^” appears to be absent on the strength of Edlen’s data. 
The case of Ni is more favourable in that Ni^* ’ gives the line A 4314 which agrees 
fairly well with A 431 1 in the cordha. I'he method followed was not capable of a 
greater accuracy. The Mn-line is at A 7949 and the Cr-line at A 10053 for 
which search may be made- The line of Zn provisionally put at A 3105 is more 
uncertain. We .see, therefore, that no other element than Co possesses for its 
identification such advantages as are enjoyed by Fe and Ni. 
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5. OTHER E Iv E C T R 0 N I C CONFIG V H A T r O N vS O TV 

If the theory of Prof. Saha be correct, then not only atoms having 

configurations will be found in the corona but also atoms having nd^\ etc., 
electron-structures \ for the highly stripped atom after being formed will in coitrjre 
of its upward flight go on capturing electrons one after another and jirovidcd 
the ion originated at a sufficiently low level, nc shall get all the electronic 

configurations until we get a neutral atom. The data for the other ckinenls Ni, 

Co, and Ca found in the corona being insufficient, and iron being by far the 
most important element traced in the corona, we confine ounsclvcs to the latter 
only and examine its other configurations. 

Pc'* for :i:==T lo 6, all have melustable stales and their forbidden lines have 
been found to occur in many novae and stars, Jk' ’ in »;*Carina:'^, in 

iVova Pietpris, in nebulae N (i C 7027, 766.1^’. \ 1 to 3 

3d*', 3d'') have not yet been found in the corona. The case of Ke’*^ is interesting 
that it is found in nebulae N C 7027 and 7662 and almost all of the lines 
which are strongest in tliese nebulae appear to be present in the corona as very 
weak lines, as will be evident from a comparison of I'able 1 with UoweiCs chart*' 
for Fc^'C. .3d'^ atom. The line A ^cSpi fl'e‘C..3d'‘ "’Di-“‘’F4] which is very 
strong in the nebulae appears to be definitely present in the corona as a faint 

line. Fe^^ and Fc^*^..3d^ are found to be absent. Fe'’'...3d has no 

iiictastable state. The 3/?’^, , 6 have all been found with the exception 

of .v = 3, in which case though there are four melastable states, yet the transitions 
give lilies too far in the ultra* violet lo be ob.served in the corona. Fc’*'^ 

"V..3.V, Fe*^ ’ have no metastable states. The higher ionised atoms 

have not yet been spectroscopically studied. 


6 . CONCLUSION 

Considering the inaccuiacy in the measurement of the coronal lines cxcciJt 
the strongest ones, it is very difficult to try to identify the lines and trace them 
lo known ions. If according to Prof. Saha's ideas, Fc or some other neighbouring 
atoms are T)roduced, an examination of Table IJ will show that many of these 
atoms will remain undetected by virtue of their spectra falling outside the 
accessible range of wave-lengths. The extrapolation method is at best only 
tentative, no exact prediction being possible until these ions are experimenlally 
investigated. Even in the latter case there is the unavoidable error involved 
iu calculating visible lines from data in the X-ray region. 

My gratefuU thanks are due to Prof M. N. Paha, D Hc., F R.S., for his 
S--1423P— V 
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kindly checkiijg the extrapolation turves and for his kind interest and helpful 
discussions. 

Paut Labohatoky or Physics, 

IInivuksity Coum.K of Science, 

CaXcutta. 
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VOLUME RECTIFICATION OF CRYSTALS 

By B. K. sen. M.Sc. 

(Received for publication, May 2b, jg4j) 

ABSTRACT. Experiments have been performetl tn show that the VDluiiir. rc<tifica- 
liiui effect is not confined to cry.stals like carborundum, zincite and silicon alone, which 
have n:> centres of symmetry, but that it is also exhibited by crystals like galena, iron- 
pyrites and pyrolusite possessing centres of symmetry. I'rom the results of the^e 
experiments it is suggested that the so called volume rectification may not lake place 
within the body of the crystal, but may be due to the differential effect of the surface 
i cclification occurring at the two large contacts of the crystal with the electrodes. 


I N T R t) D U C T ION 

Tite rectifying notion of crystals lias usually been divided into two 
classes— (a) one is associated with a point contact at one cud of the crystal 
and a large electrode at tlie other, (fe) the other is obtained when the 
crystal has large contacts at both the ends, e.g., when the crystal is placed 
between two mercury electrodes. The former kind of rectification has 
been called point or surface rectification and the latter kind, volume rectification. 

It has been thought that this volume rectification takes place within the 
body of the crystal, and following Krbuig,’ this effect has been attributed to the 
asymmetry in the crystal structure. The experimeB|6 of Khaslgir and Das^pta* 
have shown tliat crystals like carborundum ,SiC), /incite (ZnO) and silicon, 
wliich have no centres of symmetry, give volume rectification when placed 
between mercury electrodes, whereas with symmetrical crystals, i;.g„ galena 
(PbS', iron-pyrites (KeSj), pyrolusite (MuO*), etc., no trace of such recti- 
fying effect was obtained by passing low-frequency altcrnaliug current 
through the crystals similarly placed between two mercury electrodes of 

large contact areas. 

Natural CujO crystals, which show the Dember effect, exhibit rectifying 
properties when illuminated. In this case, however, it has been shown’ 
that the action does not occur at the electrodes but takes place in the 
body of the crystal. It is to be noted here that artificial Cu,0 crystal, 
in which the Dember effect is absent, does not show any rectifying effect. 

In -course of the investigation on the effects of heat and ultra-violet 
light on crystal rectification’ the present author noliced that besides 
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carborimcluni, zincite and silicon, crystals of iron-pyrites, galena and 
l^yrolnsite exhibited pronounced rectifying properties when placed between 
mercury electrodes. It was, therefore, felt desirable to further study this 
phenomenon of volume rectification and the preliminary results obtained 
were refiorted in a short note/’ The details of some experiments ate, 

however, given in the present paper. 

1C X JC K 1 M n N T A I, 

The nietliod of mounting the crystals was iJiactically the same as that 

adopted by Kliastgir and Dasgupta in their study of volume rectification/' 
with an additional arrangement for slowly moving the glass tube, 

carrying the crystal vertically up and down. For this purpose the stand 
of a travelling micio.scope was utilised. The glass tube with the crystal 
was kept vertical by passing it tlirough a hole in a cork which was fitted 
to the microscope stand in the position of the microscope, so that ‘ the 
crystal bolder could be moved U}) and down as reejuired with the associated 

slow-iuotioii attacluneiits. With this arrangement the contact-area between 
the crystal and the mercury at the lower end could be conveniently altered, 
that at the uppei electrode reiiiainiiig constant, and the effect of the change 
of , contact area at one of the electrodes could be studied. The source of 
low-frequeiicy alternating voltage was a looo-cycle audio-oscillator. For 
the measurement (jf the rectified ciuTCiit a milli-arnineter was generally used 
which Vi'as, however, sometimes replaced by a shunted galvanometer^ 

The following symmetrical crystals were tested, both with low- 
frequency and high-frequency alternating cm rents, for volume rectification 

and in each cavSe prominent rectified current was obtained, the nature i)f 

which is given below in detail. Characteiistic curves have also been 

obtained iii all cases by appl>Miig direct voltage in the usual way. 

Loiv-jrequcncy Tt?si. 

(j) Galena : When the alteriiatiiig current is j^assed through a good 
crystal of galena j)Ut Ijctweeu inerciiiy electrodes, there is a pionoimced 
rectified cm lent as indicated by the shunted galvanometer- pl:9C'ed in Ibc 
circuit. Next, keeping the upper contact-area constant, as fbwci 

contact-area is gradually altered the following changes, as regards .direction 
and magnitude, are noticed in the rectified current : When the lower end 
of the crystal just touches the itiercury surface, the rectified current flows 
upwards, the magnitude being nearly i milli-ainpere. But this current 
rather unsteady and occasionally goes downwards. When the lower contact 
area is made sufficiently large, the rectified current remains steady. The 
current now flows upwards and its strength is 1.35 milli-aiiips. On furtfitr 



Volume RecU£cation of Crystals 331 


njc rcusilijg,’ the Lontuct*3iCcji grudimlly the icetiflccl current 
a litilc, then diniitiislies, heconicb xero and finally changes 
Hows downwards. This result ha.s been reproduced several 
the experiments. 


first increases 
direction and 
times dm mg 



Characteristic curve is next drawn with both ends of the crystal well 
within mercury. The data given in Table I and the curve in Pig. i 
clearly show that under the given arrangement the crystal produces good 
rcctiticitioii. 

(2) Iron-pyrites r Aileriialing voltage js applied to tlic crystal placed 
between mercury electrodes. A steady rectified current flows up when 
there are large contact-areas at the electrodes at both ends of the crystal. 
The upper contact-area is kept constant and the lower one is changed 
when the following results are obtained : (a) For a small aiea of contact 

the rectified current flows upwards, (b) for increasingly large contact-area 
the rectiiied current diminishes gradually, reaches a minimum value and 
then changes direction, ’.r., flows downwards through the crystal. The 
exi)etimental results obtained with direct voltage applied to the crystal 
are given in Table I and in Fig. 2. In this case characteristic curves have 
been obtained under two different adjustments. For the first, the rectified 
current flows upwards through the crystal and for the second it flows 
downwards. The curves reveal marked asymmetry and it is evident that 
llic crystal should give good rectification effect under both the adjustnienfs. 

{3) Pyrolusite ; In the case of the pyrolusite crystal the rectified current is 
highly prominent and as in the previous two cases it also changes direction under 
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' suitable adjustirients of the contact- areas at the electrodes. The results 
of D. C. test for this crystal are given in Table I and Fig. 3. The character- 

//90/v -pvw/rrs ( p/^cec/ deZ-i^een^ 

Merau^y e/ec/'rodes of 
tof*i 9 c(’ oreoi) 



Figuru 2 

0 o — 0—0 for rectified current flowing upwards 

X , X — X — ,, flowing downwards 

istic curve here also indicates the existence of a strong rectification effect 
with the crystal placed between mercury electrodes. 


fiy/fOLUitTe Mercury 

d/ec/ro</ej of /9rye- 
ContftQt hroOi J 



Figure 3 
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TABI.K I 


Voltage 

(volt) 

Current 

(niilli-anips) 

Voltage 

(volt) 

Current 

(mill^anips) 

Up 

Down 

Up 

] l>)wn 

( 
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f 


Galena 
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t.IO 

.70 
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1.49 
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2^50 

1 60 
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2 00 
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P3Tolusite 



.24 

.i6 

20 

.2 
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.38 
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38 

•4 
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•50 

.62 

70 

1 00 

.8 

3-00 

.90 

.82 

1.30 

2.50 

■9 


1. 10 





(a) l>'or rcctiSed current flowing upwards. 

(ti) For rectified current flowing downwards. 


High-frequency A. C. test. 

All the crystals are next tested with high-frequency alternating voltage 
obtained from a valve oscillator. In every case there is a pronounced 
rectified current so that it is definite that volume rectification is exhibited 
by these crystals, also with high-frequency current, when placed betw^eii 
mercury electrodes. 

Crystals tested for the Demher effect. „ 

To be sure that the volume rectification, so far obtained witli the 
crystals in the above experiments, is not due to any Dember-effect produced 
by the diffused sun-light, experiments are repeated after cutting off the 
light from the . crystal surfaces. Good rectification effect was, imder thjs 
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conditjon, obtained in all the cases by passing alternating current througli 
the crystals. 

DISCUvSSlON 

In point-rectification it is an adinittccl fact tiiat different parts of the 
surface of a crystal possess rectifying pro[)erties to quite different degiees. 
It may also l)e noted here that parts which have good lectifying properties 
exhibit very poor conductivity, whereas parts having good conductivity show 
very little rectifying action. Moreover, the rectification effects at different parts 
arc also of different sen.se, i.e., at some points the rectified current flows from 
crystal to whisker while at others it flows from whisker to crystal. The re.sulls 
of the experiments reported in the present paper, combined with the facts stated 
above, point to the conclusion that the volume rectification in crystals is due 
to the differential or the average effect of point or surface rectification occurring 
at the two electrodes. For, the surface of a crystal may be divided into a large 
numl)cr of rectifying regions of varying efficiency and giving rectification in 
opposite directions. At any particular electrode these regions, having varying 
degrees of lectification and revealing the effect in opposite directions, will pro- 
duce a net lectiCed current whose magnitude and direction at that electrode will 
be determined by the predominance of the total effect in one direction (i.c., of 
one sign) over that in the other. When we take into account the effects at both 
the electrodes, the final resultant direction of the rectified current through the 
crystal, for any particular adjustment of the contact areas of the electrodes, 
will be determined by the combined effects at the two surfaces of the crystal in 
contact with the electrodes. For instance, if the net rectification effect at one 
electrode A produces current from, say, ciystal to electrode and that at the other 
contact B gives current from electrode to crystal, then the combined effect will 
be a very strong rectified current flowing through the crystal in the direction 
B-A. If, on the other hand, rectification effect at the end A produces current 
from crystal to electrode and that at the other end B also sends the current from 
the crystal to the electrode, then the resultant direction and magnitude of the 
rectified .current will be determined solely by the strength or rather the difference 
of the strengths of the rcctifieil curients produced at the two eleCTrodes. Tims 
there is no distinction between point-rectification and the so-called volume- 
rectification of crystals^ as regards the mechanism by which the effects take 
place. Both mu.st be due to the same cause. The only difference between the 
two lies in the contact area at one of the electrodes. As a matter of fact the 
end of the whisker, in point-rectification, has never such an extremely small 
area as to lie, on a, single rectifying region but it would possibly rest on a number 
of rectifying Regions generally of varying efficiency and different signs. It is 
thus quite possible for .all crystals, exhibiting point-rectification, to give the effect— 
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llic* so-CBlled v^olunie-xcctificatioii'’ whtii [>laccd lictwccii ck^ctrodes oti both 
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ERRATA 


In the paper 'On effect of resistance component in wave filter elements and 
performance of non-ideal filter sections' by Waquar Ahinecl (August, 1942, 
p. 231], in equation (2r), instead of “ =a pure resistance,” read “ a reactm* 
impedance” and in equation (5), instead of RR in first teun under radical sign, 
read RR'. 
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SHUNT EXCITED BROADCASTING ANTENNA* 

By S. S. BANERJEE ; . 

AND 

S. Y. TlWARl 

f Received for publication^ June j6, 

ABSTRACT. A tlieorctical study has been made of the efjccT on the intensity of lJu* fii-ld 
l inli.iled from n shunt excited antenna when the point of excitation is gradually altere<l. l^Voin 
lljf knowledge of the di.stribution of current in the upper and in llic lower parts of the antenna, 
niaiheniatical equations have been obtained for calculating the inknsity of the field radiated 
liom it hield strengths for quarter, half and full wave long antennae liave been calculiUed at 
a ground distance of one wavc-dength fiuin the bast and suitable ])oinls for excitation have 
eii indicated. 


1 N 'r R 0 I-) U C T 1 ( .) N 

The shunt excited antenna recently develoi/cd by Morrison and Smith’’- 
has verv closely drawn the attention of radio engineers due to its various advan- 
tages- Such an antenna offers a high economy in the cost of erection, owing to 
the elimination of base insulators and tower lightning chokes which are always 
associated with the insulated tower anteuua so widely used for commercial broad- 
casting purposes. The sluuit excited antenna is esseiilially a vertical antenna 
efficiently grounded and excited at a suitable point on it above the ground. It 
may be mentioned that this type of antenna i.s of recent origin and much work 
has not been done as yet with it. IJaudoux'’ has lately studied theoretically : the 
radiation, resistance and space radiation characteristics ol such an anleima. U 
has been incidentally observed by the previous woikers that the situation of the 
excitation point changes the field characteristics cif such an antenna, though 
detailed and systematic results are still lacking. 

In view of the importance of such an antenna, it has been felt necessary to 
study, the various aspects of .this in a more elaborate manner. The present coiii- 
nnmication deals with the effect on the intensity of the field radiated from a shunt 
excited antenna when the excitation point is gradually altered. Considering the 
distribution of current in the lower and upper paits of the uutenua, 
the portion of it above the excitation point is assumed to behave like au insulated 
system. Equations have been obtained for the computation of the radiated energy 


♦ ■’* Communicated by the Indian IMiysicai bocicly. 
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following the method of Caller"^ and subsequently developed by Banerjee.^ The 
present method possesses the advantage of being able to calculate the field 
strength for antenna of any length and for the excitation point being situated 
at any point above the ground. The field strengths due to quarter, half and full 
wave antennae at a distance of one wave-length on the ground have been calculat- 
ed and their variation with the alteration of feeding point has been graphically 
shown- It may be noted that in the case of a quarter w'ave antenna the radiated 
field strength is not affected by changing the excitation point as the current 
distribution along the antenna remains unaltered by a change of the feeding 
point. 

METHOD OF CALCULATION 

Let AB ill Fig. i lie an antenna of length I grounded at its base B. Let it 
be excited at a point C in it which is at a height /lo above the ground. 

If I denotes the inaximuni amplitude of the current and i the instantaneous 
current at in arbitrary point on the antenna at a vertical distance U from the 
ground, it can be shown that the instantaneous current i„ at a point in the upper 
part of the antenna AC is given by, 

i„ — 1 sin III (/- /i) 

where " ■in~?.nl\, 

and 'D = the angular frequency of the w’avc. ' 

Similar current, ii at a point in the lower part of the antenna, BC, is given by 

T/ ( /•’h 

l / = I cos III li c 

where I'=I cos m (1 — /lol/sin m/io- 

In view of the above distribution of current, the field strength at any point P 
in space can be calculated from the resultant of the fields radiated by the part AC 
of the antenna which may be treated as insulated and by the part BC which is a 
grounded antenna. 

We shall first find out the field strength due to the lower part BC of the 
antenna in which the distribution of the current is given by 

i = cos iiiJt - (i^ 

If p denotes the charge density at any point on the antenna and i the current 
at the same point, both in the electrostatic units, then according to the law' of 
continuity w'e may write, 

dt ’Sfi’ 


p^ 


-i 

C 


sill VI hf 


(a) 


from which we get 
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where (, =» velocity of light. 



Figure i 
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the pait BC of the antenna is groniuled, llie aclnal field strength will bf 
given by 


1 


* — ‘ B jio( c 

W “ 2 j (r 


sin mhn 

M 


... ( 8 ) 


The distribution of current in the ui>pcr portion AC, which may be tiealed 
as insulated, is given by 

2 = sin in (/ — /i). 

Proceeding in the same manner as above, it can be shown that field strength due 
to this part will be given by 


T _ ‘ I 
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Assuming the feeder lines to be non-radiating, the total field strength at P 
due to the shunt excited antenna AB may be written from equations ( 8 ) and (g) 
as 


K.-i 
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Taking only 11 le real parts, equation (lo) may be written as 
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p'or the sake of convenience of calculation, w-e may express the lengths 
involved in the above equation in terms of the wave length and thus we may 
\vi ilc 

/~MA, //,,-NA and where M, N and K are some constants. 


Therefore, 


72 =- A M"- 2 kM cose 


and ri “A VR- cosfi' 

Equation (ii) may then be written as 

IT = — A ‘ 2 ?r n/ “h N * — zKN cos 6 # 
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where 
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It should be mentioned that when the lengtli of the shunt excited antenna 
is A/4, the distiibution of the current in both the parts is given by i~l cos mh, 
and therefore the entire length of the antenna may be treated as one quarter wave 
earthed antenna The field strength due to such an antenna will tlien be given by 





r 


sin «)T3 
r<i 


cos m] 


and this is independent of the excitation point. 


C A I, C t’ b A T ri I) K It S P I, T S 

Fields radiated from antennae having half and full wave-lengths at a’radial 
distance of A from the base of them have been calculated by equation (12) for 
different excitation polnt.s. Tables I and II below show the results for half wave 
and full wave antennae lesepectively. In order to compare the radiation from 
shunt excited antenna with that from the base insulated one of the same length, 
the intensities of the fields emitted from the latter type have been calculated. 
The.se values are shown at the bottom of the tables for the corresponding lengths 
of the antennae. 


TAiir.K I 


TahivK TI 


Half wave antenna 


Full wave antenna 


ITciglit of excit,Ttitm 
point from the greund 
in fractions of A 

Field strength 
in fractioiivS of A 

FTc^iglit of excitation 
point froni the giound 
in fractions of a 

Field strcngtii 
in fractions of A 
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I /16 

-“.5930 
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1 /S 
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.60/) 6 

J/d 

- .36.V; 

1/3 

“ .7678 

1/3 
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— .6046 

Insulated 
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The variation of the field strength with the change of excitation point for the 
above antennae has been depicted graphically in Fig. 2, neglecting the du-ection 
of the field indicated in the tables. The continuous curve represents the field 
intensities foi half wave antenna and that with the broken lines represents the 
same for full wave antenna. 



It will be observed frdm the-se curves that the radiated field strength from^the 
half wrive shunt excited antenna very rapidly falls when the point of excitation is 
lifted beyond the height of A '4 from the ground. This kind of rapid fall, how- 
ever, is not observed in the case of full wave antenna. Comparing the intensity 
of the fields radiated from a shunt excited antenna with that radiated from the 
insulated one of the same length, it may be concluded that the profitable . "point of 
excitation for the half wave antenna would be below A/ 16 and above; A/^<, Such 
points for the full wave antenna should be above the height of a quarter w’ave 
from the ground. 
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rnY.sic's Ladokavouv, 

Bbnare.s TliNmi University. . ■ 
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STRUCTURE OF THE ELECTRONIC BANDS OF THE 
OD MOLECULE— PART VI (ISOTOPIC SHIFT) 

By M. G. SASTRY ‘ • * 

ABSTRACT.' From the constants of the OH molecule;, -the vibrational ohd rotational 
i.sotopc .shift in the OH and OD band h(;ads have been ralculab-d In estimating th'fe rotational 
.‘^hift, a direct method of using Hill and.Van Vlcck’s theoretical expression for the rotatinoril 
energy for doublet electronic states represeiiting any, stage of crin|»liijg, lia.s been adopted. When 
the total calculated shifts aic compared \vhli the obs,^tycd shifts obtained ditectly from experi- 
ment, large discrcpaueien .ire found. No electronic idiiift could be postulated -and, if it exists, it 
i.s es minted to be less than a unit of wave miiiibcT. " 

INTRODUCTION ' . ' '' 

It was pointed out in Part I of this series of papers that Oil and ( )D fonn an 
iiiteresliiig pair of isotopic niolecnlcs, the band slrucliirc of vihich yidds valuable 
infoniiatiou on the isotopic effect in band spectra. Apart from the conventional 
lieaUnciit of the isotopic effect in molecular spectrav, Johnston and tlavi'Son* con- 
sidered from unpublished data the isotojic effect on the, spaciugs, of the, spin 
componenls and the A-coupHng electronic isotopic effect associated with the 
componejils of the OH and OD molecules, 'i'hese considerations have been dealt 
M ill) by tjie author in the earlier parts- 

In a short note, Johnston and Dawson® reported at first the presence of a 
large electronic isotope shift, amounting approximately to about lo rms~' in llic 
lines aithe bead of the (i,o) band. Dater, they considered the isotopic displace- 
ments of three of the heads, (2,0), (i,o) and (0,1).® In deriving the total dis- 
placements, .tfiey have calculated the vibrational, rotational and spin coupling 
effect separately and indicated that there is agieenient between the calculated and 
ohseived displacements if, instead of postulating a large electronic shift, the spin 
coupling effect is taken into account, It most be pointed out, however, that 
according to their own calculations, the agreement is close only in the case of the 
(2,0) baud and perhaps also of the (1,0) hand, but in the (o,j) band there is a 
ilillerence as large as about 10 cms“ ' , 

In and H’H® band systems, a large electronic shift, as high as 156 

units was observed by Jeppestn^, Dieke"', and Dieke and Lewis*', from a study 
the H 2, HD, Da band systems observed that these electronic shifts could be 
aci ounted for by taking-correction terms arising from the interaction between the 
electronic motion and the rotation and vibration in the case of diatomic molecules. 
These correction tprinSf discussed by .Van Vleck'^, become very important in the 
ease of such light isotopic molecules aa HD, etc, 
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In view of the theoretical importance of the determination of the isotope 
shifts in bands where H and D are involved, a detailed study of the isotope effect 
in OH and OD bunds has been attempted by the author. In this paper the shifts 
of the heads of the various bands are considered, as w'as done by Johnston and 
Dawson, but following a more direct method in the evaluation of the shift. In a 
later paper, the method will be applied for studying the displacements of the 
various lines in the individual bands. A very direct and appropriate method^ of 
investigating the isotope effect would be to determine with a high degree of pre- 
cision the constants of both the molecules of OH and OD and to determine there- 
from the values of the first, second and third powers of the mass factor and to 
compare these with the corresponding values from ma.ss spectra data. For this 
purpose, experiments must be carried out with mixtures of ordinary and heavy 
water, obtaining thus the band sy.stenis of both the molecules without any relative 
mechanical shifts. Such a method is found practicable if the study is made on 
the (a,o) and (3,1) bands of these molecules ; the results will be published in the 
next part of these papers. 


C A Iv C tl b A TI O N OF THE ISOTOPE SHIFT 

Vibrational shift . — The vibrational isotope displacement of the (t', v'') baud 
can be directly determined from the equation IJevons’ Report, p. 213): 

vj— v„ = fp — i) {w't (v' + ^) — re", (v" + i)} • 

— (p^ — 1) {%' fXv' e (v' + ^)® — (v" + 2)®} + (p® - 1) { - } etc. ... (i) 

The values of the conistauts used in this and the succeeding equations are listed 
in Table II at the end. For the (1,0) band the shift is obtained as -697. 6;] 


Rotational shift . — The rotational isotopic displacement of a band line is 
given by the expression (Jevons’ Rejiort, p. 216); 
v’ -v, = (p 2 -i) {a'U']S'=*-a"U"N"®} 

+ {D'„N'<-1)'M\"*}+ etc. ... (2) 

uegecting higher terras. 

In estimating the proper values of N' and N" in equation (2), use is made of 
general expression for the rotational energy derived by Hill and Van Vleck 
(Jevons’ Report, p. 124) for doublet electronic states representing any intermediate 
stage of coupling betw^een Hund's Case (a) and Case (l>). 

F(J) = B, (J + 4 ) 2 -Aa± + ■ (3) 

neglecting the small term involving y and the term in I),. 

The following illustration shows the calculation for the (1,0) band ; 

(a) The baud lines are expressed by the formula ' 

v=vo + (B' + B")M + (B'-B" + D'-D'OM“ + a(p'+DW. — (4) 
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By differentiation, 

idv/dM)a»(B' + B") + aM(B'-B" + D'-D") + 6M*(iy + D")- (5) 

Equating this to zero we get the value of M corresponding to the head. In 
general this value is not integral. Hence in choosing the proper value, 
that particular nearest integer is adopted for which the value of v is iiiaximuni. 
This, procedure is considered to be justiliable as the band is degraded to the red. 
Terhaps the experimental value of M might be preferred to that derived from 
equation^ in the above manner but it is to be noticed that even the experimental 
value is not unique, the head of the band often being assigned two or more values 
of J, for want of adequate resolution. 

Substituting the values of the rotational constants sliown in Talkie II at the 
end, we obtain M = 6.58. The proper integer chosen is M = 7 ; the head of the 
band (1,0) then corresponds to J'—j, and J" = 6. 

(2) Hence for the initial state, from equation (3) N'® = 48.75 and for the final 
slate N"® = 34 25. 

(3) .Substituting these values of N' and N'' in equation (2) we obtain, 

vj - IV = 6iv= -59.67. 

The results obtained in the case of all the bands in the above manner have 
been collected in Table I. In the fifth column of this table are given the shifts 
directly obtained from the measurements on the plates in which the OH and OD 
bands arc obtained in juxtaposition on either side of the standard Fe arc 
spectrum. 


Table 1 * 
Isotope shifts 


riand (v\ v") 

Vibrational 

Rotational 

Total calculated 
i-'liift 

Observed shift 

Obs.rpCalc. 

(0, 0) 

■f 76.7 

i 

— 90.1 

- 13-4 

- 124 

4 1.0 

(ii 0) 

“ 697 6 

- 59.7 

- 757 3 

- 749.3 

4 8.0 

(3, 0) 

-1380.5 

- 46 S 

-1427.0 

-1414.8 

4 ia .2 

(3, 0) 

— 1971 2 

“ 39-7 

— 2011). 9 

-X 994 5 

416.4 

(0. 1) 

4-101^.8 

-140 4 

874 4 

4 860.6 


(1, 1) 

+ 240.6 

“ 75-3 

+ 165.3 

4 166 7 

4 I f4 

( 2 , l) 

- 442.0 

- 52.8 

- 49 - 1.8 

- 486.7 

4 8,y 

(3, l) 

-1033-1 

- 40.7 

-1073.8 

-1061 8 

41.2.0 

(3, 3) 

4 4'®'7 

- 63 5 

+ 35 S -3 

4 358.6 

4 3*4 

(3. a) 

“ J72.3 

45-8 

- 318.1 

- 200.1 

418.0 


* The values quoted in the above tabic are a revision of those published in Current .Science 
(VeJ.X, No. 8, 1941 pp. 363-63). In the note 

(1) in estimating the vibrational shifts the third term in y .re « ha.s been omitted, 

(2) in estimating the rotational shifts from the general expression the value of M. is directly 
substituted! for !N, hence the difference. 
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TIk^ Iasi colunm in the table shows rather large discrei>ancics between the 
u1)serve(l and the calculated values, the differences showing ali increase wnih 
increasing values t)f 11 is pOvSsible that they may be due partly to the un~ 
ccrtaiiiily in the choice of M, but on calculation with different integral values of 
IM a change of only 2 to 3 units in the final values of the rotational shift is 
obtained. 

A definite electronic isotope shift cannot be jmstnlated ; and, if at all there 
is one, it must be less than a unit as the observed minus calculated values for 
the (o,oj and (1,1) bands are only of this order. It would seem therefore that 
the differences are to be ascribed either to the inadequacy of or the api)roxiniations 
made in the theoretical expression used for the rotational energy; for instance, 
in neglecting the terms l)rJ^(J + i)^, t^nd the small term involving y ; it must 
be emphasised also that the errors in the evaluation of the various constants for 
the OH molecule adopted in obtaining the shifts cannot be negligible. 

Tabcic JI 

Values of the Consianls'^ 

11^ — 1.00778; fj—i “-0.271931 ; />■’ — j = -u.6t/|o62. 

11*^ = 2.01363 ; -0.469915 ; -0.719011, 

0 = 16.000 
=31,84.1 ; 

“3734*9 ; -82.6 

IV,, = 17,375 rV',, = 19.009 1)',. = “■ 2.07.10“^ = - 1.97,10“'^ 

lV,,=;i0.954 B",,= 18.663 a' = 0.838 ri" = O.680 

IV, = 16.101 17.952 /i)*' = 4.3.io“’''’ /i' = 5.0, Tcr^ 

B^2==^I5•233 B"2= 17*216 y,, =-u.oo75 >",.= -“0.0125 

B';, = 14.350! A =141,0 

The author is indebted to Dr. K. K. Kao and to Dr. K. K- Asundi for helpful 
advice in the preparation of this paper. His thanks are also due to tlie Andhra 
Dniversily for the award of a Fellowship. 
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MEASUREMENT OF THE ANGLE OF ARRIVAL OF 
DOWNCOMING WAVES FROM INDIAN REGIONAL 
SHORT-WAVE STATIONS 

By M R. RAO 

{Received jor pubUcatinn , June ’ 9 , 19 .P) 

Plates IX and X 

ABSTRUCT. Results 0 / the measurements of dowiicuuiiiiK niij^les carried out at Delhi 
(II: signals radiated from the Ilomljay and Madras broadcasting stations of AlMndia Radio are 
gi\en and discussed. Clo.sc agreement has been found b( tween the e.\])erimental and the 
theoretical values. U.se of pulse signals radiated from iliese stations made it possible to resolve 
the downcoming wovc.s into their component waves and to determine the dowucoming angles of 
each. The results provide an interesting study of the importance of the various parameters which 
may control propagation under given (;onditi(.ins. The role of the intervening ioni/.ed strata 
such as the Ej-laycr i.s also analysed and discussed. 

1 N T R 0 D U C T 1 0 N 

The importance of a knowledge of the angle of arrival of short-waves 
i>iopagated via the ionosphere has been pointed out in an earlier paper, ' The 
present programme of work was undertaken to analyse the propagation condi- 
tions that prevail in the case of transmissions from the regional .short-wave 
transmitters of All-India Kadio. As will be apparent from a study of the results 
pie,seuted in the text, use of pulse signals not only helped to overcome the 
difficulty exi)erienced in connection with the agitation and haphazard rotation 
of the patterns appearing on the cathode-ray oscillograph screen, but also 
lielped to resolve the dowucomiug waves into their various components, thus 
providing direct information regarding the extent and unpoitance of the various 
inodes of propagation prevailing at any time. The use of pulse signals for down- 
coining angle measurements is therefore a very potent and vigorous method of 
attack for obtaining information on short-wave propagation- 

historical 

Various methods of measurement have been adopted by previous workers 
ni this field of downcoming angle measurements, some of the notable workers, 
among them' being Friis," Kckersley, ’ Hollingworth/ briis, heldman and 
^^liarpless,'^ Wilkins,* Crone, Kruger, (louban and Zenneck/ Eyfrig," Edwards/ 
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and Chamanlal.’ Here the various methods are described briefly. Friis used 
tW’O vertical aerials spaced one-third of a wavelength apart to collect the signal 
and used a C.R.( ). for measuring the phase difference. The method employed 
by Ilollingworth consisted in recording simultaneously the signals picked up 
on a vertical aerial and a loop aerial vvith its plane in the plane of propagation. 
It can be shown that ratio of the e.m.f, developed in the vertical aerial to that 
in the loop is proportional to the cosine of the angle of incidence measured to 
the horizontal. Also Instead of recording signal strengths, he employed two 
amplifiers the gains of which were adjusted to give a null on a galvanometer 
when connected differentially to the outputs of the amplifiers. The ratio of 
the outputs of the amplifiers would then give the cosine of the angle of incidence. 
PvCkersley used another developinexrt of the vertical and loop aerial. Wilkins, 
and recently Chamanlal employed the method developed by the Radio Research 
Ikjard of Kngland, It consists essentially in measuring the phase difference 
set U]) in two similar and parallel horizontal aerials with their centres in the 
great circle path of the transmitter and with their axes at right angles to it. 
A C.U.O. is used for measuring the phase difference. Friis, Feldman and 
Sharplcss employed primarily two methods known as (i) the Differential output 
method, and {H'l the Phase method. In the differential output method, they 
employed two horizontal aerials with different heights above the ground to give 
a contrasting directional pattern in the vertical plane and the outputs were record- 
ed simultaneously on integrating field-strength recorders and the ratio of the 
output was the measure of the downcoming angle. In the phase method, two 
vertical aerials spaced apart in the great cii-cle path between transmitter and 
receiver were used and the difference in phase set up was either measured by 
inserting a calibrated phase adjuster in one of the limbs and adjusting for balance 
or measured on the C.R.O. in the usual way. Edwards and Jansky used the 
very elaborate musa system with an array of rhombic antennae. 

The present method is the same as used by Chamanlal ‘ in the determina- 
tion of the dowiicoming angles of foreign short-wave stations. Th’s method is 
adopted for two reasons. It is easy to set up, and it works admirably well on 
pulse signals. With the help of a C.R.O. , it is possible to resolve the wave 
into its component rays and to measure their downcoming angles simultaneously. 

THEORY 

The basic principle underlying the method is illustrated in Fig. i. 

A and B are two parallel horizontal aerials and EA is the direction of the 
downcoming ray making an angle 6 to the horizontal. The phase difference 
set up as a result of the path difference AF is given by : 

^ cos 0 cos V' radians, 

A 
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wlierc d = Spacinj^ in metres between the two parallel aeiials. 

A = The wavc-lcngUi in niclres of the wave under investigation. 

6 = The dovvneoming: angle of the incident wave measured to the 
horizontal. 

i/' = The angle between the direction of the transmiltiiig station 
and the line joining the centres of the aerials. 

It can be shown that in a homogeneous held the effect of the ground will 
be similar for both the aerials. Though it might affect the signal slrcnglli, it 
dues not alter the phase relationship. 0, the downcoming angle, can be calculated 
if 0 is measured. 

The icquisite part of the experiment is the coriect measurement of this 
phase difference. When the e.in.f.’s of the aerials are fed to the opposite pairs 
of plates of the C.R.O., an ellipse is formed. If the two e.m.f.’s are equal, the 
major axis of the ellipse will be inclined at an angle of 45 to the axes of the 
C.U.O. screen and the eccentricity of the ellipse is dependent upon the phase 
difference between the two e.m.f.'s. However the aerial outputs are to be con- 
siderably amplified before a suitable deflection can be obtained on the C-R.O, 
hot this purpose amplifiers aie used. 

T H 1^: K X r H R T M IC N T A b SET- U P 

The set-up is essentially the same as was used by Chamaulal ^ in his earlier 
work. Therein the set-up and the tLchnique of measurement are dealt with in 
detail. Here only a brief description need be given. 

Two horizontal doublet aerials 12 feet high, cut for the proper wave-length 

spaced suitalJly, are used as signal collectors. The outputs are taken through 
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twisted flex feeders on to a " Receiving hut.' In the liul, arc housed the shielded 
aerial switching panel and the amplifier assembly. The amplifier assembly consists 
of two coniinercial receivers, each receiver consisting of two stages of R.F. ampli-^ 
ficatioii and five stages of I.F. ainiflificatioii. The local oscillators in the fec^ivers 
arc made inactive. An external oscillator lepiaces tln-m and feeds both the i eceivx-rs 
similarly and in the same pliasc. "J'his ensures that the same phase relationsliip is 
Iias.scd on from the R.h*. to I.F. stages. The outjmts of the final l.K. amplifiers 
are fed to tlie opposite pairs of the plates of IheC.R.O. The aenal switching panel 
consists c,f two shielded douhle-pole double-throw switches connected in such a 
vNay that any one of the two receivers can be connected to any of the two aerials 
separately or together. 


V R OC K 1) TT R K 

The desired slalion is liined in by means of tlic heterodyning oscillah i and 
by selling the receivers approximately to the desired station. The same aeiial 
is connected to both the receivers. Then the finer tuning is made by the lielp 
of the CR.O. for maximum deflection. By slight adjnstii ent of the tun in 
condenser and R.F. gain controls of the receiveis, the trace on the C.R.O. is 
made into a line inclined at /.15° to the horizontal and vertical axes. In this 
condition the receivers w ill have the same gain and zero pliase difference., Ali 
that is then necessary is to put the two receivers on independent aerials and 
record the resultant ellipse. The resultant ellipse should not change Us size oi 
shape by inlercliangiiig the aerials. It however does change inider improiw 
conditions. 

The imiMoper conditions arise due to the input impedance conditions not 
remaining the same when the tw^o receivers are connected in parallel to the same 
aeiial as when they are connected independently to two separate aerials. In tliis 
case when the two receivers arc connected in parallel and adjusted for zero 
phase and then changed over to independent aerials, the change in input im- 
pedance introduces a certain error which manifests itself as an extra pliasc 
difference. This extra phase difference adds up in one case and subtracts in 
the other from the incoming phase, when the aerials are inteiTlianged. The 
change of shape of the ellipse noticed is due to this. It is obvious that the 
correct phase difference is the mean of the two. If, however, the extra phase 
introduced is large, the results become complicated. Taking for instance a case 
where the phase difference set up between the aerials is only lo"" while the 
impedance error is say 20'", the eccentricity of the ellipses appearing on the 
C.R.C). will be 10^ ± 20°, i,e , and 30*". An ellipse of a phase diffeience 

-10'' means the same as the one of Thus the ellipses are of 10’ and 30"" 

eccentricity and the mean of the tw^o gives a value of 20*^ which is erroneous. With 
a view to correct this, the input circuits in the earlier work ^ were made resistive by 
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connecting very lowvalue resistances across the inputs. This, however, reduces the 
gains considerably. In the present set-up the problem is solved slightly dilleMilly. 
The two receivers, particularly their input circuits, are aligned very carefully by 
lueaps of a sweep frequency, oscillator. This alignment is carried out right on tJ>e 
working band itself to ensure absolute identity. It was found by this that no 
extra phase error is introduced because the two input circuits being identical 
are affected equally. Any slight error that may creep in will be accounted for 
by taking the mean of the two values. This improvement over the previous 
method gave greater sensitivity to the receivers and better definition to the 
ellipses. 

UEIIAVIOUR AND 1 N 'f R R P R U T A T T O N OP THE ELLIPSES 
A P P A R I N t> ON T il E C.R.O. S C R p; E N 

Under actual working conditions it was observed that the two regional 
stations, Bombay and Madras, seldom gave ellipses that were sufficiently steady 
for downcoiniug angle measurements. The ellipses were often found to rotate, 
.'iiid change their size and shape in a haphazard manner. It was the worst in the 
mornings and the nights when multiple reflections were many. During the 
noon and early evening they were steadier. Mention is to be made of Madras 
signals ill the early evenings. When Madras was working on 6o metres the 
signals were extremely steady though poor and the ellipse on the C.R.O. hardljr' 
changed its eccentricity. The pulse transmission at this time gave a single 
return indicating single ray transmission. 

USE OF PULSE, SIGNALS 

This unsteady nature of the ellipse is known to every worker in this field 
and is correctly ascribed to energy being received in more than one direction 
ill the vertical plane. (Briis, Bcldinan and fehaipless aic probably the first to 
bring into use the pulse signals for downcoming angle measurements.) If the 
transmiller sends out short duration pulses instead of a steady carrier, the inci- 
dent wavit could be resolved into component rays. Each pulse sigual sent out, 
travelling by several different paths or different numbers of reflections, would 
arrive at the receiving end as a succession of pulses, each characterised by its 
time-delay and by its angle of arrival. These cliaracterislics arc made use of to 
study the component rays separately. 

In the present case pulses were radiated at a rate of 5® second, each 
occupying about ’0004 second. The pulse signals are received in the same 
way as the carrier, with this difference that the receiving equipment is suitably 
modified. Pulse reception calls for widc-band receivers. This was achieved by 

modifying the equipment by introducing resistances in the tuned circuits of the 

I.F. stages, thus flattening out their response characteristics, 

?— 1423P— -VI 
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Typical patterns of the succession of pulses received at Delhi from Bombay 
and Madras broadcasting stations are given in plates IX and X. They give in- 
formation on the time-delays suffered by each ray and they also show the energy 
distribution in the component rays of an incident wave. This will be dealt 
with more fully later. Such patterns are obtained by tuning in the pulse signals 
on one of the dual-receivers and applying the amplified signals to the vertical 
deflecting plates of the C.R.O., to the horizontal deflecting plates of which is 
applied a linear time base of 50 cycles per second and synchronized with the 
pulse frequency. If, however, to the horizontal plates, the signals from the other 
receiver are applied instead of the linear time base, ellipse patterns such as the 
ones shown in plate X are obtained. The ellipses formed will be equal in number 
to the number of component pulses, the size and eccentricity of each depending 
upon the amiflitude and downcoming angle respectively of the component pulses. 

The pulse-pattern and the ellipse-pattern combined give all the necessary 
information. 

In practice, the method adopted for recording the pulse and ellipse-patterns 
is to take a series of photographs of each by means of a camera. The pulse- 
patterns could be switched over to the ellipse pattern by operating a switch. 

The calculation of the downconiing angle from the eccentricity of the ellipse 
is then a simple matter. This was discussed fully in the earlier paper referred 
to before. 


R B S U b T S 

The results cover a period of eight months from 37th February, 1941, to 
13th November, 1941. They arc presented in a tabular form (Table I) 
giving the most common downcoming angles obtained during the period of 
measurements for the various transmissions. The actual mode of propagation 
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aud the downcoming ray of maximum energy are also indicated in this table. 
As mentioned earlier, these measurements were mostly on pulse signals. Special 
pulse transmissions were radiated for about 15 minutes’ duration l)eforc‘ tlic 
commencement of and soon after the close of any particular transmission. 
Table II gives the details of the transmission hours and the wave-lengths in 
the case of Bombay and Madras stations of All-India Radio on which the 
measurements were conducted. From the results arrived at on the pulse trans- 
missions that were radiated just before and just after a particular transmission, 
the mode of propagation that prevailed during the actual transmission is 
deduced. 



In considering propagation between any two points, it is very necessary to 
know' the state of the ionosphere, such as the ionic densities and the layer heights, 
(he distance betw'een the two places, the transmitting and receiving antennae 
characteristics and the working wave-lengths. The working wave-lengths are 
given in Table II. Table III gives the details of the transmitting antennae. 
The transmitting antenna in all cases is a horizontal dipole aerial at different 
heights above the ground. The vertical polar diagrams of these aerials as 
calculated and drawn for the Delhi bearing are given in Figs. 2 and 3. The 
distance between Bombay and Delhi is i,i45 knis. and between Madras and 
Delhi is 1,971 kms. on the great-circle path. Such of the ionosphere data that are 
available are given in the form of graphs III, IV, V and VI (Figs. 6 and 7). 

For facilitation of discussion, the results for each transmission are taken up 

separately Thus the results fall under 4 parts: («) Transmission I (morning); 
(iij Tnmmissio, 11 fa<xm) l («« Tnmsraission III, part i (arly evaptag) ; »nd 
(b) Transmission III| 2 fnight). 
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In order to follow the sequence of the measurements made, the results for 
the night transmission are presented first. 

TRANSMISSION III (PART 2) 

As would be expected, the propagation at this time is via the F-layer. 

The two stations, Bombay and Madras, on which the measurements were 
conducted, were operating in the 90 metre band for the winter of 1940-41 and 
in the 60 metre band for the summer of 1941. The details of the change-over 
appear in Table II. 



— ^ downcotning angle (measured to 
the horizontal) 

Fig. 4 


downcoming angle (measured to 
the horizontal) 

Fig. 5 


Tadi.k hi 


Station 

Wave-length 

Height of 
transmitting 
antenna in 
term.s of 

A 

Bearing of 
traiisinilting 
antenna 

Bearing of the 
station from 
Delhi 

Angle between 
the directions 
of antenna and 
Delhi 

Bombay 

314 TO- 
41.44111. 

tf 

6i.i|8 111, 

.86a 

,65A (old) 

.44 A (new) 
*6a ^ 

North-South 

11 

i> 

If 

303 ".27 IC of N. 

»> 

If 

If 

23"-27 

>f 

ft 

0 


89.15 ni. 


If 

If 

If 

Madras 

31-35 til- 
41.37 m. 

»» 

60.08 m. 

87.34 w- 

.74A 

.56A (old) 
.44A (new) 
, 7 iA 
.49A 

75 -EofN. 

1 1 

1 1 

n 

168". 85 E of N. 

>1 

If 

86*.15 
• f 

f » 

ji 

1 » 


Measurement of Angle of Arrival of Downcoming Pt^oyes. etc. 357 

During 90 metre operation, a typical pulse pattern obtained in the case of 
Bombay is to be seen in pattern No. i, plate IX, and the case of Madras is to be 
seen in pattern No. r, plate X, It will be seen that there are several component 
pulses, or returns, in each case. They represent successive multir>le reflections 
ironi the P-Iayer. The downcoming- angles for each of these returns were 
obtained. On a reference to Table I, it will be seen that in the case of llonibay, 
tlie second return was giving an angle of 44° to the horizontal while the third 
return gave an angle of 56 . In order to know the layer height from these angles, 
reference is to be made to graph I (Fig. 4), which is drawn to show the down’ 



OCTOWfc - — — — ■ i »i|i v 

Fig. 6 


coming angle again-st the virtual height for the first, second, third, fourth, fifth 
and sixth hop transmission between Bombay and Delhi. The virtual heiglit 
of the layer comes out to be of the order of 290 kni. In the case of Madras, 
the downcoming angles obtained -w’ere 33° and 45° corresponding to the second, 
and third returns in the pulse-pattern. On a reference to graph II (Fig. 5) drawm, 
for transmission between Madras and Delhi, the layer height comes out to be 
.v‘;okm. An idea of the nature of the F-layer height is to be obtained from 
that recorded at this time at Madras and Delhi working on 90 nietre wave. 
'Oils is given in graph III (Fig. 6). The average layer height at Delhi is nearly 
300 km. while at Madras it is of the order of 350 km. 
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On a study of the pulse patterns it will be seen that in the cases of Bombay 
and Madras, the third hop is the stronRcst. During the several observations 
made, it was found that it was either the second hop or the third hop that was 
the strongest. It may be remembered that the amplitudes of these returns were 
subject to ‘fading.’ They would vary considerably and irregularly. Seldom 
was the ist hop strong. The reason for this is not far to seek. It is due to the 
characteristics of the transmitting and the receiving antennae used. The 
transmitting antenna is not radiating at the angle required for ist hop propaga- 
tion and the receiving aerial is not picking up so well at the «t "hop angle as 
at the and and 3rd hop angles. The result observed is the product of the both. 

In tlie case of Bombay for F-layer transmission the downcoming angles are 
24'’. 5 for ist hop, 44“ for the 2nd hop and 56° for 3rd hop. These are read off 
from graph I (Fig. 4) for a virtual height of 300 km. The relative radiation ampli- 
tudes for the transmitting antenna given in Fig. 2 are 5.3 for ist hop, 8.7 for the 
2nd hop, and 9 for the 3rd hop, while the pick-up figures of the receiving aerial 
are s, 8.2 and 9.8, respectively. As a result of these, the received signal ampli- 
tudes, being proportional to the products of these, are 26.5, 71.3 and 88.2 for 
rst, and and 3rd hops respectively. Allowing for the correction to be made for 
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spreading and attenuation (the latter however being usnailv negligible nt the 
time when these measurements are made) it can be shown that the ist hop 
would be considerably weaker than the 2nd and 3rd hops. 

Similarly in the case of Madras (Fig. 3), the resultant amplitudes uork out to 
be 17.6. 70-5 and 92.4 for 1st, 2nd and 3rd hops respectively. From this it is 
dear why 2nd and 3rd hops are stronger in the cases of ))Oth Hoinbay and Madras. 

The vital part the antenna [days is brought out in the following results : 
Aerial change-over tests were carried out at the Madras transmitter using a high 
and a low aerial alternately. The test was carried out during the i)ulsc trans- 
mission. When the higher aerial (.^loA high) was used the maximum energy was 
received at an angle of 30“ to the horizontal and it corresponded to the 2nd hop 
from the F'-layer, while with the lower aerial (.25A high) the maximum energy 
received, was at 5^° and corresponded to 5th hop from P'. Turning to the 
polar diagrams of the two transmitting aerials, it will he seen that in the case of 
higher aerial, maximum radiation is at about 34“ to the horizontal, while with the 
lower aerial, the maximum radiation is at a much higher angle. 

When Madras and Bombay started oiierating on 60 m. band for the sunnner 
of 1041 , the same 00 m. aerial was used, thus raising the height of the trans- 
mitting antenna in terms of A (wave-length), and favouring low angle radiation. 
It was then predicted that 1st Iroj) should be the strongest and, as will be 
seen later, this was the case. When Madras and Bombay stations lowered the 
height of their transmitting anteiiiia on 41 m. to .44A in the day transmission, 
the immediate effect was the weakening or disapiiearance of the first hop. 

There are a few interesting observations to be noted here. f.»n the 4th of , 
March, 1041, at 2230 l.S.T. Bombay 00 nr. carrier was observed to be fading as a 
ra|)id lluttcr. This was rnmsual, but the dowticoming angle was all the time very 
steady, indicating a .single-ray trair,smission. The angle was 32” and represents 
1st hop from F, the viitual height berng 407 krri. The 4th of March, 194 1, 
happens to be a rnagrretic.il!y disturbed day, though reported to be of slight 
intensity. The low ionization density and high layer height would tend to 
decrease maximum usable freciuency. This may explain why the 2nd and 3rd 
hops which are usually the strongest were' absent oir this dale. The agitation of 
the signal observed is probably due to a similar .state of agitation of the ionosirhcrc 
to be expected on a magnetically disturbed day. 

THE VIRTUAL HEIGHT PARADOX 

In a multi-hop transmission, the virtual height of the layer from which 
’•cflectious take place would increase as the order of the hop increases, as shown 
m Fig. S. The results on Bombay and Madras stations working in tire 90 ra. 
liand usually conformed to this. However, at the beginning of April, an unusual 
phenomenon was- observed on Bombay pulse-patterns. Fig. 2, plate JX, gives 
3— i42,yP— yi 
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such a type of patteni, It will be seen that as against Fig. i, plate IX, which 
is the usual pulse’^pattern, the returns are very much separated, indicating greater 



Tridicating the incre ase of virtual height with the increase in the order of the hop 

Kin. 8 

time delays. The downcoining angles obtained for such returns showed that the 
virtual height decreases as the order of hop increases. For instance, the results on 
the loth April, 1 9 ^) 1 , showed that the I St hop is reflected from a virtual height 
of 500 kin.j the 2rid hop fioni I'/Ho km. and 3rd hop from 393 km. This is in 
variance with the established notions. As an explanation it is suggested that a 
deflecting layer in the transmission path, such as the residual E-layer that could 
have been present at the time of measurement, would be responsible for 
such a phenomenon. In Fig. 9 the transmission path and the virtual 
height are diagraminatically shown based upon the equivalence theorem for the 
plane earth. It will be seen from the diagram that the virtual height for the 2nc] 
hop is actually lower than tliat for the ist hop. In the presence of a deflecting 
layer in the transmission path, the amount of deviation produced is dependent 
upon the angle of incidence of the ray, A vertically incident ray does not suffer 



Indicating decrease jn the virtual height with increase in the order of hqp 
in the presence of an intervening ionised layer 

Fig. 9 
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auy deviation, whereas the 
will be the deviation. The 
Thus the ist hop is affected 
than the 3rd hop. 


greater the obliquity of the incident ray the greater 
greater the deviation the greater is the virtual height, 
more than the end hop wliich in turn is affected more 


Another effect of tlie intervening layer is its eiiect on the energy distribution 
111 the various coinponeut rays. Uefeniu^ to the pulsc-^patteni No. .2, plate IX, 
again, it will be noted that the lirst four hops are of the same order of amplitude. 
The first hop which on normal days \va 5 very much weaker than the second and 
third hops, is now equal in amplitude. It was shown earlier that the amplitudes 
are in the ratio of 21, 71 and 8S on an assumption of no attenuation being 
experienced. However, with the presence of the intervening K-layer, this factor 
cannot be ignored. The attenuation suffered will be greater, the greater the 
number of hops. This lends to equalize the relative amplitudes. Thus it will be 
seen that the effects of intervening ionized strata are fell in the time-delays, in the 
eiieigy distiibulioii, and in the values of the downcoining angles of the component 

waves. Here the effects are only mentioned. It allows a study on a quantitative 
basis. 


On the ie3th of April, ig^T, Bombay and Madras changed over tn the 60 
metre baud. As entered in Table 1, the results slunv that the propagation is 
taking place by multiple reflections from the F-layer. In the case of Bombay the 
clowncoming angles were 27' for- the first hop and 46® for the 2nd hoj). These 
give virtual heights of 335 kill, and 317 km- revSpeclively. The low'ering of the 
virtual height a,s the order of the hop increases is again due to intervening FMayer. 
In the case of Madras the angles are 17''. 5, 45°, 52®, 56^" for the first, third, fourth 
and fifth hops respectively, giving virtual heights of 410 km., 357 km., 337 km. 

315 respectively. This marked piogessive lowering of the virtual 

height is once again the effect of the K-layer. 

As the pulse-patterns reveal (No, 3, plate IX, and No. 2, plate X), in either 
case it is the first hop w^hich gives the maximum energy. The rea.son, as was 
predicted earlier, was due to the transmitting antennae favouring low-angle 
radiation. 


transmission III, VART I I B A k L V H V Iv N I N G ) • 

The two reference stations were operating on the 60 metre band during tlie 
winter of 1940-41, and on the 41 metre band during the summer of 1941. 

During winter, a typical pulse-pattern obtained on pulse-signals radiated from 
Bombay jvist before the commencement of the actual transmission is given in 
pattern No, 4, plate IX. Two returns were usually present. They are the first 
^nd the second hops from the E*layer. The first hop gave an angle of w'hilc 
Ihe second gave an angle of 19^ The virtual heights work out to be lod km., 
either case. 
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The question which now arises is whether E-layer transmission beUveeii 
Bombay and Delhi is iiossible at this lime (5 p.iu.) and whether the transmitliiif; 
antenna gives appreciable radiation at such low angles. Although no experi- 
mental data for K-layer critical frequencies are available for this period, fairly 
reliable computation can be made by the use of Chapman's formula 

h ) ^(cosZjV 

fv^ \ cos Zj 

(where Z| and Za are the Sun s zenithal angles) and the Washington critical fre- 
quency data available for this period. Calculated maximum usable frequencies 
for the mouths of March and April, icj-ii, work out to be 9.1, 5 and 3.8 Mc/s foi 
the first, second and third hop propagation during the month of March and g.6, 
5,3 and 4 Mc/s, respectively for the month of April, 1941. Thus the first and the 
second hop transmission via the E-layer may be possible. There is a certain 
amount of radiation at these angles, but the radiation is low. This would suggest 
that the signals arc to be expected to be poor, which was actually the case, 
Radiation at higher angles was useless as far as the particular receiving point was 
concerned, as such signals would Ire badly attenuated on their passage through the 
E-layer. 

In March, the second hop was observed to be the stronger while in Ai'.ril the 
first hop was the stronger. TJic pulse-pattern given in plate IX is for April. There 
are two factors to be considered in this coiiuectioii. One is the radiation at the.se 
angles and the other is the attenuation in the lower regions such as the D region. 
The radiation at the second hoi> angle is greater, but so are the attenuation losses. 
A's the attenuation lo.sses w'ould be greater in April it would appear that the 
balance is in favour of second hop in March and first hop in April. 

The results presented above refer only to the propagation conditions prevailing 
at the beginning of the transmission. 'I'here is unfortunately insufficient interval 
between part 1 and part 1 1 of trausiiiission III for special pulse transmission in 
order to study the propagation conditions at the end of part I of transmission 111 . 

In the case of Madras, there was usually a solitary return present, as will 
he seen from pulse-pattern No. 3, plate X. The carrier was found to be 
exceedingly steady and the ellipse on the C.R-(). showed a steady angle all 
the time. Such an ellipse is illustrated in pattern No. 8, plate X. The trans- 
mission is evidently by a single ray. The downcoining angle was measured 
to be 19° in March, 1941, which is probably E-layer transmission. 

Though no experimental date for E-layer critical frequencies are available 
for this period, on computation it was found that the first, second and the third 
hop propagation via the E-Iayef was possible. Added to this possibility, is the 
suitability of the transmitting aerial. The transmitting aerial was 0.71A. high, 
giving fairly low-angle radiation. Referring to Fig. 5, the downcoming angles 
for propagation via the E-laycr come out to be I'ha for 1st hop, 9®.! for and hop 
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:iiid X 5 hop» Ihc relative inltiisilies in thessc dirccliaiis, as read 

from the polar diagram in Fig. 3 » are nih lo.o and 14,4, respectively. Trans- 
mission by ist hop being ruled out, transmission by either ^nd 01 3rd hop is 

possible. 

vSuiiporting the K-layer transmission, tlierc is a certain amoiml 01 practical 
evidence loo. Strong echoes from li-la>er were observed on vertical Incidence 
pulse measurements carried out on the Oo m. band at Delhi on the 2nd April 
and at Madras on the yth April, il^i, at the time of these measurements. They 
were not of sporadic nature but they were strong and persistent echoes— which 
v\ ould suggest a probability of transmission by F.-layer on these two days, The 
same characteristics of the received signal, i.r., steady though poor, were observed 
on those two days as on other days, indicating no difference in the mode of 
])i()i)agation. It is, therefore, deduced that ilie transmission on all the days is 
l.rubably by E. 

As stated above, the downcoming angle in March, 1041 , was ig‘\ This 
works out to be 3id hop from li. In April, the conditions were not as steady 
as in March. The downcoiiiing angle came out to be 9‘^\ 75 which works out 
lo l)e 2nd hop from the K-layer. Here again the two factors, the radiation and 
the attenuation, seemed to have come into consideration. 

As in the case of Bombay, these results presented above refer only to the 
beginning of the evening transmission. Eater in the transmission, the .steady 
ellipses on carrier slowly gave place to more unsteady ones and by the close of the 
transmission, the ellipses were found to be highly unsteady, indicating the pre- 
scncc of two or more component waves. It is lo be expected tliat the JMayer 
propagation gave way to the K-layer propagation. 

On the i6th of April, 1941, both Bombay aiul Madras changed over to the 
41 metre band for the summer. 

Madras begins its traiusmission at .j p.m, IMic signal on the pulses was found 
lo be extremely poor. In general tlie pulse-patterns were cotnp(.sed of 3 groups 
of returns well separated as seen in pattern No. IV, plate X. (lenerally the 2nd 
group was found to be the strongest. The downcomiug angle came out to be 
35”. On these days when the 21 h 1 grou]) was found to be the strongest in the 
pulse pattern measurements made on the carrier soon afterwards, when full 
power W' as put on for the actual transmission, the angle came out to be 34*^. 
The angle for the 3rd group was also obtained and it came out to be 46 , Thus 
we have a pattern of three returns, the 2nd giving an angle of 34 and the 3rd 
au angle of 46"^ ; 34® corresponds to 2nd hop from a layer height of 370 km. 
and 46® corresponds to 3rd hop from a virtual layer height of 370 km, again. 
On this basis we may assume that the three returns observed in the pulse 
pattern are the 1st, 2nd and 3rcl hops from F 2 layer. These returns instead 
of being in the form of single jiiilses arc in the form of groups. The groups 
arc formed due to the angular spread in the vertical plane, which may be due 
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to scattering or irregular reflections ill the ionized layer. Theoretical considera- 
tions show a possibility of 2nd hop propagation via the Ivlayer, No results were 
obtained to confirm this. 

Bombay starts its transmission at 5 p.m. The special pulse transmission, 
preceding this, usually gave a pulse-iiattern of four returns out of which the 
2nd was observed to be the strongest (No. 5, plate IX). The angle corresponding 
to this comes out to be 4b® as shown in table I, and fits in as 2nd hop from a 
layer of a virtual height uf 31 7 km. The delays between the successive returns 
appear to show that they are the successive hops from P'dayer. The maximum 
usable frequencies for transmission via the IMayer show that that only one hop 
transmission would be possible. However, there is no radiation from the trans- 
mitting antenna at this angle as can be seen from the polar diagram. As at 
5 p.m. it is difficult to show clear demarcation between Fi- and Fa-layers, we 
may say that the transmission is by F-layer. 

Summarising the results for the beginning of transmission 111 , it would 
appear that propagation on 60 metres is via l{-layer, while in the case of 41 metre 
transmissions, it is probably via Fa in the case of Madras and F in the case of 
Bombay. 

TR A.N SM IvSvSION II (NOON) 

In the winter months of 1940-41, and till the 15th May, 19.1 1» Bombay and 
Madras were working on 31 metres and changed over to .^ii metres on the ifelli 
May, 1941. 

The pulse transmissions from Bombay, preceding and succeeding the actual 
transmission, gave three returns as seen in pulse-pattern No. 6 in plate IX. The 
second was always the strongest. It w^as usually several times stronger tlian 
either the 1st or 3rd. The average downcoming angle for the 2iid return came 
out to be 22" to the horizontal, which represents 2ud hop transmission from E 
at a iKiight of 125 km. The time-delays between the first two returns in the 
pulse-pattern also go to show that the transmission is by IMayer. 

The theoretical considerations based on critical frequencies show that one 
hop and two hop transmission via the IMayer is the most probable mode of 
liropagation . 

It was staled above that the 2nd hop giving an angle of 22"^ was several 
times stronger than either the ist or the 3rd. The reason lies in the character- 
istics of the transmitting antenna. The polar diagram given in Fig. 2 shows 
that most of the energy is transinittgd at very high angles. But for a small lobe 
there is no energy until we reach so'’ to the horizontah The small lobe gives 
a maximum at 20® to the horizontal which was nearly the angle that was obtained 
for the second return. All the high-angle radiation was useless as far as the 
receiving point was concerned. Such high-angle radiation could be received as 
a 7th or 8th hop from E or 3rd or 4th hop from F^. Neither of these would, 
however, reach the receiving place, for they would be attenuated away. 
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No definite results could be obtained on Madras during transmission II due to 
the poor signal strength. 

After the introduction of 41 metres for noon transmission, lesults were ob- 
tained in the case of Bombay during the months of October and November, 1941. 
The pulse transmission preceding and succeeding the actual tian.sinis.sion usually 
gave four returns (pulse-pattern Nos. 7 and 8, plate IX). The average downcoming 
angles obtained were 21°, 40^ 47“ and 59° corresponding to the first four 
returns. They work out to be ist, and, 3rd and 4th hop from F. layer at a virtual 
height of nearly 250 km. R-layer transmission by one hop could be possildc, but 
for little energy being radiated by the transmitting antenna at this angle. Data 
are available from the vertical incidence pulse measurements carried out at Delhi 
before the commencement and after the end of noon transmis.s-:on that give an 
average layer height of about 280 km at 12.00 noon and 270 km. at 14.30 hrs. 
The day-to-day variations in height are shown in graphs IV and V (Figs. 6 and 
7). For oblique incidence the layer height as expected was obtained to lie lower 
than for vertical incidence. 

Summarising the results for the noon transmission, we find that the trans- 
mission between Bombay and Delhi on 31 metres is viu the R-layer in May, 1941, 
and by F2-layer in October, 1941, when the working wave-length was ,11 metres. 
Taking all the factors into consideration we find once again that the practical and 
theoretical modes agree. 

TRANSMISSION I (MORNING) 

Bombay and Madras operated on 41 metres during transmission I for the 
entire period under review. The re.sult.s in the case of Bombay, both before and 
after the transniission, work out to be multiple hops from F-layer. They fairly 
closely follow niirror-like reflections. The ayerage downcoining angles were 21”, 
and 63° for the 1st, 2nd, 3rd and 4th hops respectively. The virtual 
height is nearly 250 km. Vertical incidence pulse mea.suremcnts carried out be- 
fore the coinnienceriient of transmission show considerable variations in the virtual 
heights recorded as can be seen from graph VI (Fig. 7) These variations arc 
due to the working frequency being close to the critical frequency. The average 
layer height in the month of August to the middle of September is approximately 
of the order of 300 km-, and from the middle of September till the middle of 
November is of the order of 260 km. Thus once again the layer heights obtained 
by the oblique incidence measurements are lower. Bombay was originally using 
a transmitting aerial 0.65A above ground and changed over to an aerial 0.44A 
above ground on the 8th of October, 194:. A simultaneous change was noticed. 
First hop, which was quite strong, became considerably weaker. Fig. 9, plate IX, 
shows the pulse-pattern observed before the aerial change-over and Fig, 10, plate 
IX, shows the pulge-paltern after the change-over. The polar diagram for the old 
and pew trtinsmitting antennae (Figs. 2 and 3) bear out the results that were 
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obtained. When the higher aerial was used, the ist and 2nd hops were observed 
to be quite strong and the 3id hop was considerably weak. With the lower aerial 
1st hop was weak and the and and the 3rd hops were strong. 

In the case of Madras', multiple reflections from F-layer during the pulse 
transmission pieceding the morning transmission were observed. The down- 
coming angles measured were -S", 24 S 35°, 45” and 56° for the first five hops. 
The virtual heights came out to be 220, 2 ^, 3(^0 and 310 km. respectively. 

I he ascending order in the virtual heights is to be expected. As the w'orking 
freiiuency approaches the maximum usable frequency, the virtual height 
increases. It was observed that ii.sually the 3rd hoj) was the strongest, both in 
the case of the old and new antennae. ^I'ypical pulse-patterns obtained are given 
m ],lale X, Nos. 5 and 0. The tr.iusmitting aerial was originally 0.56A. above 
ground and it was changed ovei to 0.4.] A on the 5th October, r 04 1 . Afterthe 
change-over the 1 St hop almnsi disappeared. Polar diagrams of the old and new 
antennae are given in Figs. 2 ami 3. which show that the new aerial hardly gives 
any radiation at the ist hop angle 

The pulse transmission following soon after the close of the morning trans- 
mission usually gave five returns. 'I'lie first two reflections are close together 
while the 3vd and the 4th are well Separated. The downconiing angles obtained 
are 8" and 22" for the 1st and andreturns. The 3rd return gave a downcoining 
angle of 44” while the 4th gave an angle of 55" . They correspond to ist hop from 
220 km., 2nd hop from 220 km., 3rd hop from 350 km., and 4th hop from 
375 km. A sudden jump in the virtual height for the 3rd and 4th hops is to he 
noticed. These measurements were taken at about y a m. The results appear to 
show' that the first two returns observed are the ist and end hops from F'l layer 
while the 3rd and 4th returns are the 3rd and 4th hops from the Fa-layer. The 
basis for such a transmission is this : At 0 a.m. in October, 1941, the Fi-layer 
critical fiequency is .such that only' one-hop and lvvo hoi> transmission between 
Madras and Delhi is possible. Radiation .at higher angles will penetrate the 
Fi -layer and will be reflected from the Fa-layer. It seems that the transmission 
between Madras and Delhi is by both Fi- and Fa-layers. The lower angles ar^ 
reflected from Fr-layer while higher angles arc reflected from Fa-layer. 

Summarising the results for the morning transmission, we find that the 
multiple reflections from F-layer observed are in agreement with the theoiy. The 
results in the case of Madras for the end of tlie transmission suggest propagation 
')oth Tin Fi- and Fa-layers. 

C' (INCI. UvSlONS 

A few general conclusions that may be drawn fioni the present study are as 
follows : — 

(i) Multiple reflection phenomenon is involved in the type of wireless propa- 
gation that was investigated. 
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(2) Presence of the E-layei and other intervening: absorbing strata has the 
effect of reducing the number and strength of the components that comprise a 
downconiing wave. Such strata also introduce large deviations in the ray path, 
as a result of which the downcoining angles are enhanced. 

{3) In the absence of any intervening layers, as for instance in the early 
mornings and nights, the downcoining angles agree fairly with the values calcula- 

' 1'. 

ted on the basis of simj)lc mirror-like reflections 

(.:]) Under the conditions, as jiosliilated in (3) above, a knowledge o£ the state 
of the ionisation of the ionosphere, the working wave-length, the characteristics of 
the transmitting and receiving anleunae, etc., could be used for making reliable 
predictions of the type of propagation that may prevail in the case of short- 
distance short-wave propagation. 
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DIPOLE MOMENTS OF PALMITIC ACID. ALEURITIC ACID 
AND ALKYL ESTERS OF ALEURITIC ACID 


By G. N. BHATI'ACHARYA 

[Kii t n ui tor lu^usl :t, 

ABSTHACT. I Jii)ok‘ uioiiients of palmitic acid, alcuritic acid ig, m, i6 trihydroxypalmitic 
acid) and metliyl and ethyl esters of alcuritic acid have been determined from their dilute 
soliilioiis in t, ^ dioxane. The temperature of tneasiireinenfc was ^5*0. for all but aleuritic 
acid for^ which the temperntui c was used due to the latter \s limited solubility in the 

above solvent at the lower temperature. The, values obtained for palmitic acid, aleuritic acid, 
methyl aleuritate and ethyl aleuritate are 1.75, 4.28, 4.27 and 4.31 Debye units respectively. 
The cause of anomalous solubility of aleuritic acid or its esters in polar solvents or when 
some polar helper is added to the solvent has been discussed with reference to solvation and 
dissolution owitiji to the highlv pdlnr nature of these sulistnnces. 


T N 'r R 0 D U C T T 0 N 


Althoiii^h the aiioiiialuut? solubility oi some natural lusinsin organic solvents 
was the subject of much speculation for a long lime, no satisfactory explanation 
of the same amie forth HU very recently.' Some very interesting observations 
were made in this connection in that many of the iiim-solvcuts for such resins 
may be rendered good solvcnt.s for the same by the addition of small quantities 
of some ‘polar-helpers’ to these non-solvents. Tlie effect of such jmlar-hclpers 
has also been observed and recognised in many other fields." The current 
conceptions ' regarding .solvation of large molecules and the consequent dis- 
■solution process may explain the role which these i»olar-helpers play in such 
lion-solvents. 

There are reasons to believe from what lias been staled above that either 
the iiiolfiQUJes of natural resins, such as .shellac, pontianak or copal, are them- 
selves polar in nature or the different constituent groups which make up such 
molecules behave as polar bodies towards different solvents, and cojisequent 
solvation and dissolution take place. It has been thought desirable, therefore, 
to study the dielectric properties of such resins and their constituent bodies in 
different solvents in order to throw light on the nature of their molecules from 
this point of view. The present paper only embodies the results of dipole 
measuiement on aleuritic acid, the only acid isolated from shellac whose consti- 
tution has been definitely established and the alkyl esteis of this acid. 

Since aleuritic acid is a hydroxy palmitic acid, it was also thought necessary 
to determine the dipole uioment of pabnitic acid from its dilute solutions in 
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(lioxaiic ah it is related to llic above acid iu structure. Its value in beu/eue 
although available®’" cannot be taken as its actual moment for single niolecu’es 
owing to their association in that solvent. Wilson and Wenzke ' have, howevei , 
shown that fatty acids have liraclically no complex solvent-solute interaefien 
in I , .1 dioxane and so their dipole moments determined from dilute solutions 
in the above solvent conform to the values of single molecules in the ga.seous 
stale. The evaluation of electric moment of palmitic acid from dioxane solutions 
was therefore undertaken, as no value of nioineut of this acid seemed to lie 
availal lie from this .solvent. The limited solubility of aleuritic acid iu dioxane 
also necessitated measun nients on its methyl and ethyl esters, which are soluble 
iu the above solvent. 

I* It !■: f A RATIO N oi- \I A '1' p, R I A J. p 

]>ioxaii(\~ AnieiieaJi dioxane bottled by A. Uoake Kcherts & Co., Ltd., ol 
England was allowed to stand over sodium wire for .several days, distilled and the 
middle fraction boiling constantly at a fixed temperature colkelcd. This fraction 
was further purified by lelluxing over sodium for 8-io hours and then again 
distilling. The main fraetion distilling between 98''. oC. and ciS''.iC. under 
693 mill, of mercury * was collected by means of an efficient fractionating column, 
It was noticed that the sodium wires assumed the form of silver-white balls 
during refluxing and they retained their lustre in the liquid as reported by 
liigenberger." 

F. 11"'' = I ./ticjR, d''‘" = i .0282, fi’*^ = 2. 202/1 

-Jlniacnc. — A sample of pure crystallisable benzene was dried over sodium 
wore for some days and refluxed over it for 8-io hours. It was distilled and the 
main fraction boiling between 79°. 5C. and 79". 6C. collectdd. This was then 
fractionally crystallised twice and the solid residue taken. This portion when 
molten wa.s allowed to stand over fresh sodium wire which retained its lustre 
iu the liquid. It was again fractionated by means of an efficient column and the 
main fraction used . 

F. P. = 5'’.5C., '-'"1.4985, i/“ = o.8738, b*’’*=2.2725 

AlcufUic acid . — The crude aleuritic acid, prepared from delft axed lac 
ace'ording to the method of Nagel," was freed from ether-soluble inipuiities by 
extraction with ether in a Soxhlet apparatus. This product was then refluxed 
with pure ethyl acetate and decolourising charcoal for six hours, filtered hot 
and then the solution allowed to crj’stallise. The first crop cf crystals was 
separated from the mother-liquor and subsequently twice recrystallised from a 
niixlure of alcohol and ethyl acetate. It was finally washed with pure aud dry 
ether and dried in a vacuum oven. M. P. 99°. 8C. 

, ’ The altitude of Nouiknni (Ranchi) being 23 oP ft. above sea-level, its normal bardmetrit 
heiiffht is aboiit 700 uini 
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Methyt aleuritate.—A portion of the pure alcuritic acid thus obtained was 
refluxed with chetiiicaUy pure methyl alcohol and a few c.cs. of pure concentrated 
sulphuric acid for 6 hours. The methyl ester uas then obtained by precipitation 
from a large volume of water. This eslei was dissolved in ether, the ethereal 
solution filtered and allowed to crystallise. These crystals were further purified 
by recrystallisati«>n from dilute methyl alcohol and then dried in a va<‘mnn-oveti. 
M. P. 69 ^C. 

Ethyl alcuulatc . — Another portion of llie pure alcuritic acid was similarly 
refluxed with absolute ethyl alcohol and a little of concentrated sulphuric acid 
for about 10 hours. The ethyl ester was obtaincal as before by preci[)ilation 
from water. It was dissolved in ether, lillered and the solution allowed to 
crystallise. The final crystallisation was duiR fioin diUilc ethyl akoliol, and 
the drying was carried in a vacuum»oven. M. P. s8"C\ 

Vtilniific acid, — Merck's product was twice reerystallised fn ni hot alcohol. 
M, P hj.V'C 


X V H l{ I M H N I A L 

A lyparaiiis , — ^'he subslitulioii method of nK-asiiienieiit was used employing 
(General Radio type 5xb-C radio-frequency bridge'” and a calil)rated iroo /^juF 
Cleneral Radio variable air condenser. Another 25 /u/F (General Radio variable 
condenser having i a/xF graduations was filled with a piecision slow -motion dial 
so that readings could be taken to 0.05 /x/xF. This was used in connection wdth 
the main condenser and the instrument calibrated in jiosition. 'fhe oscillatoi 
employed was a General Radio Type dS' 4-A moduUited oscillator’’ vvhieli could 
give power over a wide range of frequency from 10 kilocycles to 30 megacycles. 
From this oscillator a current of 5o-kilocyc]c*s niudiilated at looocycles 
at about j 5 volts was used for tlic bridge. The detectoi vv.isapajrof liigh 
sensitivity headphones used in ccynjunclion with a high gain aiiipliliei specially 
built for this purpose. The sensitivity of the apparatus w^as very good and the 
frequency of 5o-kil()cycles was used in order to have the most sensitive arrange- 
ment in conjunction with the amplifier-detector. 

The exi)eriniental cell was constructed of pyrex glass according to the design 
of Sayce and Briscoe and fully described by IvC F 6 vre.'**^ The silven'ug of 
this cell was done according to the directions given by Sugden. ' ^ The cell could 
be placed inside a big thermos w^hich served as a waiter therniostaU The tempera- 
ture was kept constant wutliin oGosC. The theririostal-water was earthed and 
the outer silver coating of the experimental cell waus connected with the grounded 
terminal of the standard condenser. Screened cables w^ere used for connecting 
the oscillator and the amplifier to the bridge, and the oscillator and the amplifiei 
were kept at a distance frdm each other to avoid direct interference. 
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The apparatus was calibrated with pure and dry benzene and the capacity 
of the leads, etc., was found out from the ‘ zero capacity ' of the experimental 
cell. This was obtained from the relation 

^.Ca Cb 

O — 

e— I 

where Co = ‘ zero capacity ’ of the cell, 

Ca = air capacity of the same, 

Cl, = capacity of the cell filled with benzene, 
and « = dielectric constant of benzene. 

With tlie value of Co thus obtained the dielectric constant of a solution oi 
any other liquid was determined from 

,, _Cs-Co 

Ca-Co 

where Cs = the capacity of the cell when filled with the .solution, 

and Kh = the dielectric constant of the solution. 

The best condition of silence in the headphones was obtained by adjustinf> the 
power -factor knob of the radio frequency bridge in order that the headphones 
were actually connected to points which were not only at the same potential but 
also at the same phase. 

Density measurements were carried out with a pyknometer of 25 c.c. capacity 
and the results may be considered to be accurate to 0.01%. Dielectric constant 
values are probably accurate to 0.03%. 

(tIhss stoi;)peied lirleniueyer flasks were used in making up solutions by 
weight. All measurements were made at 25‘'C. except for aleuritic acid for which 
the temperature 4o°C. was used, since aletirilic acid was not sufficiently soluble 
in dry dioxane at 25°C. to permit accurate determination of its electric moment. 

C A b C U h A T 1 O N .S AND R E I' b ,S 

Polarisations were calculated using Sugdeu’s formula'^ for specific polarisa- 
tion in place of molar polarisation, 

t 

■ ■ • j » 

e + 2 a 

in which p is the specific polarisation, C, the dielectric constant, and d, the density 
of the liquid. 

The total polarisation according to the above relation is 

■in which Pi* and are the specific polarisations of the mixture and the solvent 
respectively and ni is the weight fraction of the solute of molecular weight Mj. 



Dielectric constaDts, densities and polarisations. Solvent — Dioxane 
Palmitic Acid Aleufiiic Acid (4o°C.) Methyl aleuriiate (25®C.) Ethyl aieuriiaie (25®CJ 



Methyl alenritah „ . . S6.6 466 6 ' 4.37 
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Polarisations at infinite dilations, Poo, were calculated by means of equatious 
suggested by Lc Fevrc and Vine^^ involving specific polarisations and which 
are similar to Hedestraud’s formula.^ For the sake of comparison, the graphical 
extrapolation method suggested by Sugden^'^ in extrapolating total polarisation— 
volume polarisability grapli to the point where is the dielectric constant 

of the holveiil, was also used* The difference between the two values 
obtained by these two methods was very small in the case of acids, but as the 
esters showed some diiTereiicc\ ihe graphical extrapolatinn mclhod using Pj-Ti- 
curves ^^'as employed for them. 

Molar refractions were calculated as the sum of the atomic r efi ac tions ’ for 
the sodium l)-line. Tlie contributions of the atomic polarisations to polarisations 
at infinite dilutions were neglec'lcd. The dipole moments ^^ere calculated fronj 
the eciuatioiis 

M-O.OJJ7 XH vfP.,-MRn)T , 
uliere T is the temperatuie of measiueiuent in absedute scale. 

{) \ ^ i: V s ] < ) N s 

The electric iiioinenl of palmitic acid in dilute benzene solutions has hem 
found to be 0,72 IJebye units by Smith ■' and 0.77D by Patanjpe and Deshi)ande.*’' 
Probably these values are for double molecules of the acid, since most of the 
fatty acids, especially the lower mcuibers of this group, me kiuAvn to foim double 
molecules in benzene due to association. Zalm^’* ami Piekaia "" ineasuied the 
moments of the first few meinbers of the fatly acid group and found these 
monients to vary with temperature. They explained this \'arialion as due to 
changing degree of association. Wilson and M^cnzke/ houexer, found that the 
oxygenated solvent dioxaiie gave dipeffe irioments fatty acids quite m agree- 
ment with those determined l)y Zahn for the gaseous slate of their molecules, 
thus showing no effect of association. They gave the value 2.07D for fonni(‘ 
acid and 1 .74I) for acetic acid, and observed that the lengthening of the carbon 
chain had practically no effect on the latter value of the niomenl. This they 
proved by obtaining the same value of moment for stearic acid, too, viz,, r,74D. 
The value of the moment T.7sn for palmitic acid found here is therefore quite 
in agreement with their results and corroborates the above statement of these 
authors that the nioment remains the same for all monobasic fatly acids after 
the first member of tliis group. This fact was also observed by vSmith " in- 
dependently from i)enzene solutions.^ 

It is generally believed from many observations of the type stated above 
that the electric doublet is located at the carboxylic head of these acid molecules, 
but unfortunately the moment assigned to the carboxyl group or the exact 
nature of the binding forces inside the group has not yet been finally settled. 
Williams found this group to have a moment of e*s. units, but 
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this value is usually considered to be too low considering the moments of single 
molecules of monobasic fatty acids in general. Euckeii and Meyer have 
calculated the limiting values of moment of the carboxyl group by considering 
the eflfect of rotation about the C -0 bond in fatty acids and they gave x.iD and 
3. 4!) for its minimum and maximum values* The tendency of the acid hydrogen 
to be attracted towards the oxygen of the carbox3d would, according to these 
authors, accounts for moments of monobasic fatty acids to be nearer the minimum 
value of tlie carboxyl rather than the maximum. Very recently Brooks and 
Hobbs have calculated from the observed moment of para-chlorobeiizoic acid 
that the carboxyl makes an angle of 74"^^ with the C*C line. But the calculated 
angle (from the accepted bond moments for C = 0 , C-O and O-H and assuming 
the valence angle at the oxygen atom to be iro” atid that at the carbonalion 125”) 
is 85'’. The discrepancy is quite large and has been explained by them as due 
to resonance. 

The constitution of aleuritic acid has been definitely established ^ as 9, 10, 
16 triliydroxjq^aluiitic acid. The structure may be written, therefore, as 
CH20H.(CH2),CriC)H.CT101I(CH2)7-C()()H. The high value of moment can 
only be expected because the molecule contains three hydroxyl groups attached 
to the hydrocarbon chain of palmitic acid. It is useless, howev<?r, to try to 
calculate the dipole moment of aleuritic acid at the present state of our knowledge 
from the known bond moments of 0 = 0 , C-O and 0-H, since rotation around 
the C — O liond brings in complexities and other unknown factors, such as 

induction and resonance, are also present. 

'I'he dipole moments of both the methyl and the ethyl esters of aleuritic acid 
are practically the same as that of the acid itself. From a knowledge of the 
moineiils of most of the fatty acid esters*'’ this is to be expected. 

It may now be understood that the highly polar nature of aleuritic acid or 
its esters may lead to the formation of solvates in polar solvents or when some 
polar helper is added to the solvent. It should be remembered, however, that 
polarity in itself cannot be the only criterion for solvation unless the. substances 
diHer in the character of their dipoles, i.e., positive and negative, to have the 
affinity for the formation of solvates. For dissolution process it is recognised” 
now that polarity of the solvent is one of the most important factors for the 
organ oph ill ic compounds, such as cellulose, rubber, etc., probably because Ujey 
contain heterogeneous polar groups, and the solvates present such a structure 
that tlicy can then be easily dissolved by the solvent. 
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PRODUCTION OF BURSTS BY MESON AND ITS 
DEPENDENCE ON THE MESON SPIN 

By S. K. CHAKRABARTY • 

{Received for public laion, Auf^ust u).je] 

ABSTRACT. An analylir expression lias been derived for the calculation of the freipiency of 
bnr.sts containing N particles or more than N particles produced hy a meson. Three different 
values for the meson .spin, viz . . o, ^ and i , have heen taken into consideration and the vesnlKs thus 
obtained have been compared with the experimental results of Rchein and Oill. It i.s ob.scrved 
that for a meson, spin 0 or J is not a po.ssihility, whereas spin i is (jnite prohahle, provided 
the effect of the radiation damping be taken into consideration in proce.s.scs involving mcson.s. 
The rca.son.s for arriving at a cimclu.sion ju.st opposite to that of Christy and Knsaka have been 
discussed. It lias also been shown from general considerations that for large bursts the 
radiation process i.s the predominartt one, when the kiiock-on process produces only an 
insignificant contribution. 

The production of large bursts under thick layers of a material has been 
observed and their frequency has been estimated by various authors. Bhabha’ 
(1938) tried to explain these -as a consequence of a knock-on collision, in which 
a meson while passing through a thick layer of a material makes a very close 
collision with an atomic electron and knocks out the electron, which subsequently 
produces a large number of particles by the ordinary cascade process. His 
calculations are based on the assumption that the meson has a spin of half a 
unit and thus can be described by the Dirac equation. Ivpter on, Bhabha,. Car* 
michael and Chou® (1939) have modified these calculations on the assumption 
that the mesons have a spin of one unit and are described by the equations.given 
by Proca^ (1936)- Darge bursts are naturally produced by liigh-energy mesons, 
and bursts containing more than 100 particles can only be produced by mesons 
having energies more than to’" c.v. But in this energy range, the cross- 
sections for the production by a meson of a secondary knock-on electron is 
different for different spins, and consequently it is believed that a comparison 
of the theoretical results on the frequency of the burst production, containing 
a large number of particles, will provide a good test of the niesou theory. High- 
energy mesons have also a large probaWlity of radiating high-energy quanta, 
while passing the electric field of the nucleus (Bremsslrahlung), which again xvfll 
produce showers by the ordinary cascade process. Bhabha* (1938) has shown 
that if the meson has a spin of half a unit, the number of electrons produced through 
the radiation process, for a meson of mass 100 times or more than that of an 
electron, is negligible in comparison with that produced by tlie knock-on process, 
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but similar calculations were not extended when the meson has a spin of one 
luiil. Moreover, as will be evident in the following section, such a conclusion 
is not valid for large bursts. Christy and Kusaka^ (ig4i) have made these 
calculations, both for the knock-on process and the radiation process, and taking 
for the meson various possible spins, viz,, zero, half and one unit. Finally they 
have compared their results with the experimental results of Schein and Gill " 
(jg3o) and have derived the conclusion that mesons, at leastthose observed in cosmic 
rays, cannot have spin i, but may have a spin zero or half, and ])referably zero. 

The most serious uncertainty in these calculations is the lack of knowledge 
of the fliicluaiioiis. Christy and Kusaka have assumed Furry's fluctuation 
formula while Bhabha and others have taken the Poisson distribution. But it 
is w'cll known that Furry's fluctuation formula is justified only for very small 
thickness of the material traversed, and is not valid for large thicknesses. But for 
small lliickriessc'S Furry’s formula deviates but little from the Poisson formula. 
Coiisc(iuently in large thiclaiess of the material, which is more important in the 
burst production, it is doubtful whether Furry’s fluctuation formula can be used, 
Another uncertainty in these calculations of the burst frequency arises due to 
the rough approximations usually made in the Cascade theory, since in the 
production of the burstvS cascade multiplication plays in the end a decisive part. 
Christy and Kusaka have taken, for the average number of particles produced 
in the cascade process, an approximate form which very roughly fits wdth tile 
results of Serber’s^^ (1938) calculations. But tliis expression for the average is 
in error for various reasons.* Moreover for reasons already pointed out 
(Chakrabarty^, 1942) the result of Berber is seriously open to doubts. As the 
conclusion derived from the results obtained by Christy and Kusaka has far 
reaching effects, it is desirable to see how' far these approximations may affect 
their final result. 

In the ])reseiit paper we shall calculate the frequency of bursts i)roduced by 
a meson in a tliick layer of a material, assuming that the fluctuation around the 
average obey a Poisson distribution and using the accurate results of the Cascade 
theory obtained previously.^ A comparison of the results of calculations of 
the present paper with the experimental results of wSchein and GilP (1939) will 
also be made at the end. ”” 

The expression for Sw giving the average number of particles produced by a primary 
of energy F at a depth x (in shower units of length), as taken by Christy and Kusaka, haw 
always a maxiirimii at and the correspondiiigmaximum value of Sav is K/9j8, whatever 

the value. of, K Apart from the that the position of the maximum for Sav will 

change with the change of K, the value of Sav at the maxitnum is in excess by a factor ranging 
from 1 5 to 2.1 as F increa.ses from io“‘ e.v. to 10'* e.v,, when comiJared with the accurate 
figures for Sa\ obtained by us (Bhabha and Chakrabarty, 1942)'’. Tliis is primarily due to the 
defects in the analysis of Serber, as has already been .shown in a previous paper. These con- 
siderations show that neither in the position nor in the height of the maximum the approxima- 
tion is valid, and it is difficult to eatimale how niudi these approximations will affect the 
final results. 
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To investigate tlie production of showers \yy heavy particles, two distinct 
piocesses are to be considered, (i) The meson may produce a very fast secondary 
electron by direct collision which will subseqiienlly produce a shower by cascade 
multiplication. (2) l!he meson may radiate a high-energy quantum which 
ultimately produces the shower. The cross-sections for these processes, taking 
different spins and magnetic moments, have been given by various authors [Bhabha* 
(i938),^Iassey and Corbetr^ (1939), Corben and Schwunger^^ (iQ-lo), Christy 
and Kusaka^ (1941)1 Bothe and Wilson'' (1940), Wilson'''^ (1941)]. 

The differential effective cross-section Q(W, liQ)dV,n fer the production by 
a meson of energy W, of a secondary electron or a quantum, by either of the two 
processes mentioned above, and having energies lying between Ho ^ind Uo + 
are given by the following expressions, depending on the spin of the meson. 
Since we arc concerned with large bursts and consequently with highly energetic 
mesons, we can take W where M is the mass of the meson. With this 

approximation we have for the knock-on process ; and 


Qf (W,Ko)dIio~ 


IIJWI.AI. « ft’ I 


(/) Spin o, magnetic moment o 

Q,fW,Ko)dUo = 2;rrg»iu-2Z[i-K„/Kom]lin'^<^Jt^^ (m) 

(11) Spin i', magnetic moment e/j/aMc,* 

Qr(W,Ko)dKo = 2;r,Hmc®Z[i-(lio/KoJ + |(Ko/W®)]Ko-'tiI':o, ••• (iM 
(m) Spin 1, magnetic moment rh/aMc, 

dlio 

... (ic) 

where io = ■' nic'^ and Jio,„ is the maximum energy which can he commnnicalod 

to an electron in a free collision, and is given by 

lio« = WLn-Mc2/(2mW)]->. ... (2) 

Similarly the expressions for Q(W,Uo)‘fHo for the radiation process are given by 
the following expressions. 

(i) Spin o, magnetic moment o, 

n m-v ijo ilj Z^ri( mVf W-IS„ 


Ko 


, 2W(W-Ro) 1 


(iEo 

W 


(3a) 


(11) Spin i, magnetic moment c/i/aMc, 


Qr(W,Eo)dEo=-|.-^-'^-^'-|'' 


W-Eo . 3 liD 
" Eo ' 4 W 


, 2W(W-Eo) I 


dUo 
W ' 


( 3 *>) 


when the screening of the atomic nuclei, is neglected, and 


* h denotes r*lanck’.s constant divided by 2ir. 
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Q,(W,Ko)</Ko = 


j6 Z®r,® I m 




3 137 \My 

when the screening is complete. 


logi iS3;^z 


W-E„ , 3 Si. 

”1^’ ^7 w 


^^0 ( i 

'W‘ 


(Hi) Spin 1,* magnetic moment cli/aMc, 


Q,(w, y 

12 137 \M / 


W 

Mc^ 


W ^ W8 


dRo 


W 


(Zd) 


when the effect of radintion damping is neglected. If the effect of radiation 
damping be taken into consideration, then as given by Wilson ' ® (1941) we have 
for sjjin 1, 


Q, W, = 


2_2E<l+ IV 

W 


dKo 

w 


... (3c) 


We shall first calculate the probability P(N), of a meson being accompanied 
by N electrons and positrons after passing through a layer of some substance of 
thickness / and of atomic number Z. If N(yo, 0 be the average number of 
pai tides produced at a depth I in chai'acleristic units, defined previously,'^ 
produced by a primary particle or quantum of energy jS exp, y^, then as shown* by 
Bhabha and Heitler ' * (1937) the probability of N particles appearing instead of N 
by a fluctuation is given by 


exp.(-N).N’'/r{N+ 1). ... (4) 

Following Bhabha if we neglect the small variation in the energy of the heavy 
particle, we get 

r(N) = l<ry^Q(W, Eo)J»(yo)dEo, - (5) 

0 

where Uyo)-f d<' exp.(-N)fN(yo, <')}"/r(N + i), ... (6) 

0 

where Q(W, Ko) is the cross-section given by equations ( 1 ) or (3);" according as 
one considers the knock-on process or the radiation process, for which the values 
of r: will be Hom or W respectively. <r represents the number of atoms per cubic 
centimetre of the substance, and 

yo = log,(Ko/^), ... (7) 

* The expression given by Christy and Kusaka, differs from that given by Booth and 

Wilson in having an additional factor ir/(5Mc-Z^) and also in having further tertn^i varying 
log W. 'J'hese difference's arise due to the difference in the nature of the approximations 
made in the limits of the impact parameter. The logarithmic terms willj however, have tio 
appreciable effect in the calculations of the burst frequency. 
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H .e the cntal encgy (or tire .„e«, coUiei™, te, i. ft, draracterMe ooiO 

“nol? .. WCefereairr aprel rpeZ l 

following Bhabta. the npper limiu oi the mtegrel in 16) eon be exteodoVto oo 
When we ate concerned with large thickness of the material. We therefore have 

<X) 


Jsbo) S J exp.(-N) N''/r(N+ i). 


(6a) 


0 

From the results of the cascade theory (Bhabha and Chakrabarty, iq 42)« we can 
easily calculate the values of N for different values of j-o and (. When N(ro, t) 
foi any given yo is plotted against I it is observed that the curves are of the skevv 
type of a Gaussian curve. It is observed that N can be obtained einr>irically by 
the process of curve fitting and the best fit is given by the following equations : 


N = Nm exp.{-aif,„ti-t//J®}, when t rS b» (8a) 

N = Nm exp.{-a 2 fm(//fm-l)®}, when I ^ tm ... (8b) 


wdiere N„, is the maximum value of N and h„ the value of t at this point foi a 
given yo ai*d were deduced accurately in a previous paper. “ They are given by* 

«m=i.oiyo-i.y 2 ... (pft) 

and Nm“o.i69(3'o*^i-9o) “ exp. 0.169 Ur, exp. ... (9b) 

with ai==^o.7o and a2’»=o.i7. 

Except for very small values of i and again when t » the fit of the 
empirical curves with the actual curves is veiy good, and in any case even for 
small values of the error introduced in taking (1'^) is well within Ihe limits of 
error already existing in the calculations of the Cascade theory. 


From (6fl) and (8) we thus have, 


jN(yo)= f die ^ / r(N + i) 

0 

_ Nm tm f % (^■r\T Nw 

r{N + i) - 0 ^ "^-Hr + i) 


X [exp.{ “(N + r)nx<mS®} + exp.{ - (N + r)a2<„,2*}]<i2 


= 1 V + “2“^ nJJ il / r{N+ 1) j l(- i)".N.;;/{r(r + i)(N + r)h. 
-3.2it«.— j nN+VlvIN-z)’^"’ - 


* The-se 3'alues are slightly modified when the variations of the enjss-sectioiis fur radiation 
and pair-efeation processes with energy and also with the nature of the material is con.sidcrec] 
in the Cascade theoif . This has been shown iij a difierent paper. 
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where c is any real number greater than zero. The integral in (lo) can be evalu- 
ated by the saddle point method. It can easily be shown that so long as Nm < N, 
the saddle point lies in the neighbourhood of Nm and the corresponding value of 
JsCyo) tends to zero, but when Nm>N the saddle point lies in the neighbourhood 
of N, but is always less than N and in that case the corresponding values of 
jNfyo) is finite, has a maximum when Nm is slightly greater than N, and for larger 
values of Nm (j.c., of Vq) the values of J>i(yo) slowly diminishes. This behaviour 
of jN^yo) will be apparent from Fig. t, in which the values of Jm(.Vo) for different 
values of N have been plotted against yo • Fhabha’ (1^38) has also explained 
such a liehaviour of Jvfyd) from geometrical considerations. Consequently, as has 
already been mentioned by llhabha, it is now clear that for a rough estimate one 



can assume that for a given y„, Jufyo) is zero when N > N„, and remains constant 
when N Nm, where Nm is the maximum number of particles produced by a 
particle or quanta of energy exp. yo- Hence the largest shower which occurs 
with any probability, produced by a meson of energy W contains N particles, 
where 

N=N„.(yo) = o.i69{yo-i.9o) "^.exp. yo ... (ii) 

and yo“log (Eom/^) or log (W/^), depending on whether the shower is produced 
thiough a knock-on process or a radiation process respectively ._ A similar 
expression has also been obtained by lihabha, where he has considered only 
those particles in the shower having energies greater than the critical energy. 
Tovell^® (1939) tried to obtain a similar expression, taking into consideration the 
particles having energies less than tlae critical energy. But his values are too 
large, roughly by a factor four. 

P'roni (5) and (10) we can now proceed to calculate the values of P(N) for 
different values of N using for Q(W, Eo) different expressions given by (i) and 
,'3). All the integrations occurring cannot lie evalualW analytically, and we have 
to calculate them numerically . But this is not the quantity which ip of diretd 
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physical interest, and in order to compare the theoretical results with experiments 
we ; have to integrate this probability over the si)ectruni of the meson which is 
incident on ,the layer of material under consideration. This can be done as in the 
next section. But to determine only the order of P(N) one can follow Bhabha, 
and take jNfyo)“o when yo < J'n and (yo)~ when yo ^ Vs where is 
that value of yo vvhich makes N^ — N.* A comparison of the values of jN(yo) 
derived in the present paper with the corresponding values obtained by Bhabha 
shows that the values of J>{(3'o) taken by him are nearly twice those of the values 
obtained in the present pax>er. Bhabha has introduced a factor r to explain the 
behaviour of jK(yo) which he initially stated to bo of the order of unity. The 
argument given above shows that it can be taken to be iniily. This probably 
explains why the values calculated by Bhabha for NPfNT; were roughly twice 
the calculated average number of particles accompanying the heavy particles. 
Conseqrjently, the value of c will be i and not 2 as has* f)eeri litially suggested by 
Bhabha. Jewell has taken r-0.25 which naturally makes his result too large 
by a factor four. 

To compare with the expciimciital results of Scliein and (lill and others and 
also with the theoretical results of Christy and Knsjaka it is necessary to calculate 
the probability of a meson ])roducing jiiore than N particles. Bhabha and 
Heitler' ' (1Q37) have shown that if the fluctuation obeys the Poisson law, then 
the probability of getting vwrc than N x)arUcles in a shower, when the average 
is N is W(N-f-i, N), 

where W(N + 1, N) = - v- . / z" exp.( - Nz)dz. 

.1 (N l) J 

Consequently, tlie probability P(N>., W) of a meson of energy W emerging 
accoini^anicd by a shower containing wore than N particles from an infinitely 
thick layer of a substance is given by 

P(N,. W) = /cr j'*Q(W,Ko)jM> (3.'o)dKo, ... (la) 

t» ' , 

oc 1 

where Jw> (yo) = pVjj ^ dtj cxp.(~f^z)dz. ... (13) 

Substituting the values of N from equation (8) and interchanging the order of 
integration in (13) we have 


i ^ + “3 htj {rfr+i), (N + r+i)*h 

i (N + 1) 0 


^ + i 00 

X f r 

'=^ 3-21, - r, / 

27 :? J p, 

- I at ^ 




... {14) 

^(N i)(NtZ^ 1)5 

* This approximation is no longer neressary, since the analytical cxprcBsion for 
Jn (y<,) as given by ( ro) can now be Uvce'd for the calculations of 


6 ^^i^ 23 P-^Vr 
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If ,S(W)<iW be the number of mesons, having energies between W and 
W + dW, incident on the layer of the material under consideration, then the total 
probability of getting a shower containing more than N particles below an 
"infinitely thick layer of the material is given by 


00 e 

Bm) = hj's(W)dW j QfW.Ko)J*> (yo)dEo 


•3.21 ](r 


■hi 


’ + 00 


I'(N+i)(N-z + i)2 


00 

dz J StWldW 
0 


X /W.KoXyo-l;) ''W.(N-z t i)y„.dEo - (15' 

0 

where r.go 

As in the case of Jn(:V(i) it can also l)c shown here that for all values of yo foi 
which N„, < N. Jn> (yo) s. o, and for other values of jo, Jk> (yo) gradually increases 
as yo increases. Consequently the lower limit of the Eo integration and hence 
also of the W integration can lx? taken to be E» or any other value less than En 
whichever is convenient, where En is that value of Eo, corresponding to which 
N,„==N. For convenience in the evaluation of the integrals in U5) we shall 
henceforth take the lowei limit of the Eo integration as B exp. v- This is 
justified so long as the value of N is greater than 3. 

Following Euler and Heisenberg’ '’ (1938) we have assumed that 

S(W)dW=8lo^i°”-^~^^^ dW. ... (lA) 

(eT-l-W)‘’ + I 


where 8= 1.87 and eT= 3.10'' e.v. at sea-level. Also from tlie analysis of Street 
and Woodward’*’ (1934) and Blackett*'’ (1938) we assume that the total meson 
intensity at sea-level is 0.01 per cm.** per sec. per unit solid angle. Hence 
from equations (i), (3), (15) and (16) we can now calculate the number of bursts 
of size greater than N per cm.^ per sec. due to any particular cross-section. 
This is what Christy and Kusaka has calculated but with a different expression 
for N and a different form for fluctuation. 

Wc shall first consider those bursts produced by a meson radiating a hard 
quantum which ultimately iiroduce the burst through the usual cascade process 
and so take for Q(W, Eo) its values given by equations (3). We therefore have 


r +* * 00 


B(N)= 8Io( 2 X 10'* e.v.)^(3.2I M, \»‘f l jj, 

r(N+i)(N-z M)5 


dW 


x/ f Q(W.Eo). J., 

i,i {yo-D* ’ («T+W)*+* 


(17) 


Jit the sense «scd by Bhabha (193B), 
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For the caculations of large bursts for which N ^ loo it is necessary to consider 
only those mesons for which W>En ( 2: /Sr’). So that as long as N 100, for 
convenience in integration v\ecan in (17) take instead of (frT f W)” * 5 +*) , 

since the error thus introduced will be negligible, It may be noted here that as 
the number of incident mesons decreases rapidly as W increases (when W > eT), 
and on the other hand P(N>, W) tends to /.cro when W < lu and is finite and 
gradually increases as W increases, the combined effect of S(W) and E(N^ , W) 
will show that the major part of 'B(N) is contributed by the values of W 
in the neighbourhood of En. This has also been shown graphically by Lovell. 
Consequently, any error either in the value of S(WJ or r(N>. , W) in the neighbour- 
hood of W = liK will produce an appreciable effect in the calculations of B(N). 

It will be shown in the appendix, that the values of B(N) for different values 
of Q(W, Eq) as given by (3) can be written in the following form ; — 

t ii) Spin o, 

B(N)-A exp.(--8U,*{(Ko + iLo)/i(N, 8j + W2iN,S)K 

(it) Spin half (screening neglecled), 

B(N)==AeKp.(-8s)^{(K^j-hsL^)/i(N, 8) I Lj/^IN, 8)K 

[Hi) vSpiu half (screening complete), 

B(N)-AK'^ exp.(-8U./,(N, «). 

(iv) Spin I (neglecting radiation damping), 

B(N) = AKi exp.(-'S^).exp.^./:.j(N, 8). 


... (iSa) 
... (t86) 

(iSc) 
... (x8d) 


(v) Spin j (considering the effect of radiation damping), 
B(N)-AK'i exp.(-Sg./,(N, 8), 


where 


/ ' 2 / \ 

A-STf , s Z®To“ /m \ /2Xio’'.e.v. \ 


(l8e) 

(19a) 


Ko = Lo L{log{ 2 / 3 /Mc 2 ) - -I- 28-1 (8 + 1 )-i (2S + 1) + 8V<(8 + 2) - (8 + 1)'/'(8 + 1) -y], 

... (19b) 


L„s16s-|(8 + i)-', - (19^^) 

3 

K ^ = Ko + 4[(8 + 1)"^ {log(2^/Mt:2) - i} + 2(8 + 2)' - - (8 + 3)“' {>^(8 + 3) + >} ]. i ^9 d ) 
1.^ = 1,0 + 4(8+1)“’, 

where ^(8) — -^logjrfB) and y is the Kuler-Mascheroni constant. 
do 




Ki» 


3 

1 ^ 



8-1 (8+1)“’ +-^(8 + 2)*' 

V / 

4 


12'M c 


28"' (8+ 1)“’ +7('8 + 2)'+ 


(19/) 

... (i 9 «) 
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K ' 1 = g • ( 3 "“ j log 1 1 37^^* Z” ■'* j 


2(8 + t)~* (8 + 2)”^ + 7(^ ■*■ 3^" * 


(i9fc/ 


aud 


/,(N, 8)= f ^>(N.z)J- (1- )(,S+ (2o«) 


C - » Cft 
c ^ I 00 


/a(N, ?>} 


'. [ V''(N. 
2 m J , 


Z)]l2- 


N-z 


kS+z-N-a) (2oi>) 


^ — iob 
<■ 'f < 00 


* — i Qc 


/8(N, 1 ^ «^(N,z)r|r- |(^ + z~-N-2) ^ 




(2or) 


where 


r(z)(o.i6q exp. s) 


N -z + 1 


•piN, z) 

r(N + i) (N<-z+i )4 

Tlie values of /ifN, 8), /.^{N, 8), /^(N, 8) are to be evaluated by the saddle 
point method. The accuracy of the saddle point method of integration is well 
within 2%, as has been tested by the method already mentioned in a previous 
paper. ^ Taking 8= j .S7, we have evaluated the values of /p /a, /» for different 
values of N, and the values thus obtained are given in Table I. The values of 
Ko, Lo» Kj, etc., depend also on Z and the ratio (M/ w)- At the present moment 


Taule I 

Values of /] (N, 8),/2 (N. 8),/.^ (N, 8) with 8=1.87. 


N 

loo 

200 

4ut> 

Ooo 

800 

1000 

1200 

1600 

/, * 10" 

C12 9y 

>596 

4,084 

1.870 

1-^73 

.68 bo 

.4890 

.2782 

/, XIO" 

299 -^ 

86.35 

24.86 

1 

i 12 02 

, 7.210 

4.710 

1 

i 

! 3-393 

1 

2.017 

/. X I0» 


iy -»5 

ID. 60 

7.416 j 

1 5 

4.661 

4-056 

3-“7 


a certain amount of uncertainty exists as to the value of (M/m). Several experi- 
ments seem to suggest that it lies between 15C1 and 200. Following Bethe’® (1940) 
we shall take (M/in) = r77' For a given material it is therefore no lon^r difficult 
10 calculate the values of Ko, i»o, K^, etc., and also of A. With these yspues and 
the values of /], /g as given in Table I, the values of B(N), for different values 
of N and for the different cases mentioned before, can be easily calculated. The 
results thus obtained have been given in Table II. The figures in the table show 
that even for N = 1600, the value of B(N) for a spin half meson, when the screen- 
ing is neglected is less than those when screening is complete. It is therefore 
clear that even for N = 1600, the meson energy is not high enough for screeiiiifg 
to be complete.* 


* I am indebted to Dr, Bhabha for drawing niy attention to this point in a private eoni' 
municafion. 
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Tablh II 

Values of K (Ni x lo”, for different values of K 


Spin 

' 1 ^ 

loo 

aoQ 

400 

600 

800 ! 

1000 

1200 

1600 

0 

4702 

13 U 

3.816 

1.838 

1 .X 44 

.7166 

-SIS« 

.3057 

i 

(Screening 

neglected) 

86.66 

35 '55 

7 46t 

3-631 

2.iyi 

J .435 


.6183 
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The frequency of ljursts produced through the kiiock-oii process can f)e 
similarly calculated. For small bursts these have been obtained by Bhabha, and 
Bhabha’ Carmichael and Chou. For large bursts the knock-on process gives an 
insignificant contribution to the burst production which can be shown by the 
following considerations. Let us estimate the relative probability of a shower 
being produced by the radiation process and the collision (knock-on) process 
wbicli amounts to estimating the ratio R (say; of the chance of a meson emitting 
a quantum of energy greater than I( to the chance of its producing by direct 
fcollisiou an electron of energy greater than the same amount. The cross-sections 
for these processes have been given in equations (i) and (3). The required ratio 
is thus given by 

... Ur) 

y . . . J'Eon,Q.(W. Ko)dKo 

The values of I (rad.) and I(coll.) can be obtained by easy calculations for different 
spins. . 

|tor given values of W and K the values of R can thus be easily calculated. 
The values of R thus obtained, for different values of W and K, have been given 
in Table III. The lowest value of K required for a given N is easily obtained 
itotn (ii) and th^se values have also been shown in the table III. It shows that 
as N increases R also increases and for N ^ 100, R is much greater than x, 
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Table HI 

Values of k for diderent values of W and E 

half and screening complete, Ri — >spini, neglecting the effects of 
radiation damping. Ri' — >"Spin i, considering the effect of radiation damping. 
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and gradually increases as N increases.* On the other hand for small values 
of N we get R<i, which shows that for small showers the knock-on process. 
l>redomiuates while f(^r large bursts the radiation process gives nearly the whole 
contribution and the knock-on process only producing an insignificant effect. 
The results obtained by Christy and Kusaka also show this behaviour. The 
calculations of . Bhabha, Chariinchael and Chou, in which they considered only 
the knock-on process, give a good fit with their experiments, since the experi- 
ments do not involve sufficiently high energy and the results were obtained in 
the region where the knock-on process is the predominant one or at least the 
two processes give equivalent contributions (f.c., R'-'i). 

The values of B(N) as obtained from equations (17) to (20) can therefore be 
considered as giving the ioial burst frequency when N ^ 100. In Fig. 2, B(N) 
has been plotted as a function of N, on a logdog scale and it is observed that 
all the cases give practically straight lines. It is observed that the experimental 
values of >Schein and CAll fit very well with the case of spin i, 2vhen ihf effect of 
ihc radiation damping is considered. The burst frequencies calculated either 
with spin o or half are very much less than the experimental values. The 

^ This conclusion is altered if the radii^Won damping is neglected in the case of collision 
cross-section for spin i. It appears that when E e.v., the value of R for spin i begins 

to decrease and will ultimately be less thani. This shows that the radiation damping will 
also produce important effect on the collision cross-sections, but this effect is perceptible only 
at very high energies. The values of Rj when the screening is neglected and also that of 

Rj, have not been calcnlated, but their order can easily be obtained from the values of Rj tyhe^n 

the screening is complete. In these cases also the above conclusions hold good, 
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difference is certainly much more than the possible range of experimetjtal error. 
The case of spin i when the effect of radiation damping is neglected is certainly 
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CalculaU-d and observed fretinency distribnlion for bursts. Nnmbtrs i// — hO 

refer to the different eases given by equations ficS', and represents tlie experimental 
points of Scheiii and Gill. 

Fig. 2 

not a possibility, since both the intensity as wcdl as the sloi)e of the curve in this 
case is very diffeicnl from the experiineiital curve. The exjjerimental point at 
N = 2 oo is probably in error since it is possible that some small bursts have 
escaped detection. For very large bursts again, the statistical errors become very 
considerable, and the discrepancy at large values of N, say N > 1200, is probably 
due to this. 

'fhe only source of uncertainty in the above calculations is the nature of 
the fluctuations. Unless the actual form for the fluctuation differs considerably 
from a Poibsons distribution, the results deduced above can be considered to be 
fairly accuiate. The reasons for getting results which are so much different 
from those of Christy and Kusaka, and consequently leading to just an opposite 
conclusion are mainly, (/) the diflerence in the form of the fluctuation assumed, 
(a) the very rough approximation made by them for N, the average nuinber of 
particles produced in a cascade shower by an energetic particle or quantum, and 
(Hi) the consideration of the effect of radiation damping for spin j. The 
consequence of these effects on the calculations will be clear v^‘hen we compare the 
values of jN-.(yo) given by (14) with the corresponding expression obtained by 
Christy and Kusaka,* for various values of N. It may be noted that the validity 
of the expressions for the cross section for the different processes for very high 
energies is open to serious doubts as have been pointed out by Oppetiheimer, 

* The corresponding expression of Christy and Kusaka i.s 7(Eo/gj8N)^ exp,(- 9 fliN/Eo) 

although they have finally modified it and have taken t.v^fKn/iS^N)^ exp.(“r5aN/Eo in the 
stihsequent calculations, 
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Snyder and Berber (1940).*® But similar e^ttension of the range of validity of 
the qiiantum inechanical expressions have been made in many other problems of 
Cosmic ray phenomena. While making the calculations for the knock-on 
process, and spin 1, the effect of the radiation damping on this cross-section was 
not considered. To iny knowledge no one has as yet given the form of this 
cross-section after taking into account the effect of radiation damping, but it 
appears lhat this will largely modify the last term in (rr), which gives the spin 
dependence of the cross-section. But this will not materially affect the conclu- 
sions made before, since this term is of importance only for very high energy 
('•'lo^'e.v.) of the meson, when the total contribution of the knock-on process 
to the burst production is itself negligible. 

We thus see that the frequency-size curve for large bursts provides evidence 
that the meson cannot have spin o or half. The case of spin i is a possibility 
or even a probability only when ihc effect of radiation damping is taken into 
consideration. The meson has Ihcrejote a spin pj one unit in agreement vvitli 
what is believed from nuclear considerations and the above calculations lend 
further support to the fact that the effect of radiation damping plays an important 
role in the processes invidving mesons and the expression given by Wilson for 
the radiation Cl oss-section is a much more reasonable one than those calculated 
previously wherein radiation damju’ng was ignored. 


A r [* K N n T X 

For the case of spin o, we have from (3a) and (17), 


OD 

jQ(W, Ko)W 




m 


Wo 


QC 


Ho ) 


3 137 \M 


Mr^Uo 


^^^.-(8+2) 


dW 




8 '(8h i) log 


j 

137 


log-^U 

{ , ( 

. -(8 + 1' j , Ko I 

lo ko + Holog . 


II 


c^xp.tN-y.-n)3'odEo /q(W, Eo)W 


Ko 


dW 



Production of Bursts by Meson xind its Dependence on Meson Spin 39.1 


137 




^ * exp.(N-8-z-i)£ f X 

0 


exp.(N - 8 - z + i)a 
>« {Ko + I/ot + l<o5c}da: 


137 VM 


^ Z!^ m « -8_ 


— I /3 exp.(N -8-z-i)^ 


tK.. + L oU r(i -(N - zJXa ) 
+1.0 


(8-N + z~i)(2-(N-z)/a) 

f + I Of) 

B(N)= A(K„ + ao)exp.(-8p.~-L- / 0(N, z) r(i-(N-z)/2) 

2 m J 


c —iob 


c + ( ® 


x(8-N + z-i)' 4z. 

+ AlyO exp. (-<%). f ^>(N, z) r(2-(N-z)/2) 

2n’t J 

c-^i Cf.' 

x(8-N+z-i)" ^ 2 - 

For the case of spin i , and neglecting the effect of radiation damping, 
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With other values of Q(W, Eo) the integrals occurring in (17) may be similarly 
evaluated and we get the results given in equations (18) — (ao), 

OCPARTMBVt OB .\PPt,tBt> MvtaeMAtlCS, 
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VISIBLE ABSORPTION BANDS OF MERCURY 
HALIDES HgCI. HgBr AND Hgl 

By a. L. SUNDARA RAO 

iKci't'ivvii tor pifhh'colioUf Jliflusi jOi io/-> 

Plate XI 

ABSTRACT. Tht nbKiinlion bnnds t>i IlgC'l, Ilgllr and Hgl have been obtained bj' heating 
the .substance in an e pen steel tul.e to a teniiieratme of iioo'C. In HgCl and HgHr the band 
.S3istems Lave been measured and a vibrational analysis is sugge.sted. From the values of the 
Constants, the heals of dissociation of these molecules in the upper and lower electronic states 
have been determined. 


I N 'r R 0 1) r C T I 0 N 

i'lie itnpoi lance of tlie study of alboiptioii spectra is well known. In the 
case of atoms and molecules, in the former of which lines and in the latter band 
absorption is obtained, the ground state of absorption is known to be the normal 
state. In certain molecules, c.g., oxygen and the halogens,’ converging progres- 
sions of absorption bands are obtained from which their heats of dissociation, 
could be directly determined. In other molecules, such as sulphur and phos- 
phorous,® the absorption bands show’ diffuseness of the heads or their suddeu 
absence abruptly in a sequence, indicating what is known as the phenomenon 
of pre-dissociation . In all cases the absorption spectra are considered to be 
providing valuable data conceruiug the molecules involved. The author has 
therefore undertaken the investigation of the absorption spectra of the halides 
of various elements, particularly those of high atomic weight, the ground states 
of which have either not been determined at all or have not been detennined 
from the study of absorption. In the course of such an investigation with the 
halides of mercury, absorption bands have been obtained characteristic of the 
molecules, lying in the visible region, which do not appear to have been recorded 
till now. It is tlie purpose of the present paper to give details of these results, 
a short report of which has appeared in Current Science.'’ 

K X P R I tvi E N T A L 

The procedure adopted in obtaining the ab.sorption spectra consists m lieatmg 
the substance in a seamless steel tube about so cuis. long and 5 ciiis. in diameter, 
.qpin at both ends. In Uie first experiments a similar tube closed at both ends 
by glass or quartz windows protected by water-cooled jackets w as u.sed. Tfc'e 
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lube was exhausted continuously by a Cenco Hyvac pump and the substance 
was heated. But, in spite of the protecting water jackets, the substance got 
deposited on the windows almost instantaneously and prevented all further exami- 
nation. The ci>en tube was found very useful and extremely simple to operate. 

Dificrenl temperatures had to be tried before any absorption bands were 
observed. 'Two furnaces were employed — ar. electrical furnace capable of heating 
the lube up to 8ou'"C and a specially constructed coke furnace, through which 
a powerful blast of air from a motor blower could be steadily mainlained. By 
replenishing the coke at intervals, temperatures of the order of i20C)''C could 
be easily attained. An exact measurement of the lemperalures was made by 
the use of a standardised direct-reading optical pyrometer. At the temperature 
of the elecliical furnace (about Soo^C) no bands were observed. Using the coke 
furnace the characteristic bands made their appearance. There wavS obsei ved 
also that an optimum temperature was necessary for tl;e excitation of tie bandfc — 
determined by the pyrometer to be about iooo'iioo®C. Due to the need of 
replenishing the substance every two or three minutes, it w^as not found practi- 
cable to use a spectiograph of very high dispersion. The instrument used was 
of the Fuess type of large light-gathering power giving a dispersion of about 
20 A per linn, at A^4ou. lifTective exposures of about ten minutes were given : 
larger exposures often obliterated the appearance of the hands, due probably 
to the above condition of an optiniuni tcnipcralure for the excitation of the 
bands. The source of continuous spectrum was a hundred-watt projector lamp. 
Ilford Special Rapid panchromatic plates w-ere used and the spectra were measured 
by a Hilger comparator using iron standards and a simple Hartn)ann dispersion 
formula. 

Absorption spectra of various other sails of niercuiy w ere also photographed 
to make sure that the reported bands could be ascribed, from an experimental 
basis, as due to the particular halide, chloride, bromide or iodide that w as worked 
W'ith. Bands w^ere obtained only with the above three halides and with none 
of the other salts tried — the fluoride, sulpiride, oxide and the nitrate— all of 
which were attempted, under identical experimental conditions. 

RESULTS AND DISCUSSION 

Mercuric Chloride . — In cmissicn, the band systems of HgCl have been 
previously investigated chiefly by three woikers. Wieland^ divided the charac- 
teristic bands into three classes — ^Class III occurring in the visible region and 
the other classes in the ultra viojet. rie reported the analysis of Class I system, 
Cornell''^ and more fully Sastry, ‘'investigated the Class II system and reported 
a complete vibrational analysis. The visible bands are yet to be measured* 
accurately before an analysis can be attempted. The absorption bands obtained 
iu the present work he in the region from A4900 to A4100 which is a portion 
of the extended region in which the visible emission system is reported lo 1)6. 
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Absorption bands of mercury halides. 

(a) HgCl, high temperature. 

(b) „ low temperature. 

(c) HgBr 
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The latter system was also reported to be very complex and diffuse and for that 
reason perhaps could not be analysed. The writer believes that the absorption 
bands recorded in this paper are part of the emission system, involving the lower 
vibration quantum numbers. In general appearance they resemble the Class II 
system analysed by Cornell and Sastry. They consist of sequences of distinct 
doublet bands. Three of these sequences Av = o, -fi in the region A4500 to 
A4250 are well developed. The very disposition of the heads, as can be seen 
from the reproduction (plate XI), suggest that they ought to form long sequences 
giving a narrow Condon parabola. They are thus ascribed to the diatoiiiio 
molecule HgCl. Table I contains the wave-lengths of all the baud heads 
measured on the plate and arc given only correct to the nearest Angstrom unit. 
The doublet at A4.S76, A4842 could be measured with difficulty. The wave 
numbers are found from Kayser's Scwiugungzahlen and the intensities are 
visual estimates. The various heads could be arranged in a diagonal array, the 
most intense of the heads being assumed as the (0,0) band. The quantum 
numbers assigned to each head arc shown in the last column of the table. It 
will be seen that the bands consist of doublet heads, the two components having 
been designated as the Qi and Qs, the doublet interval having an average value 
of about rao units of wavenumber. The other alternative of assigning one of 
the component heads as due to isotope Cl and the other component to the 
isotope Cl'^^ cannot be possible on account of the relative intensities of the com- 
ponent heads. If they are due to the isotopes, the inten.sitics of the heads should 
be in the ratio of 3 ; r, the abundance ratio of the two isotopes of chlorine. 
The failure to detect the isotopic head might be due, as in the Class II system of 
HgCI studied by Cornell and Sastry, to its overlapping with the next or the 
previous band head in the sequence. 

Of particular interest to the chemist is the estimate of the beats of dissociation 
of molecules. For this purpose an approximate formula has been found to fit the 
band heads contained in Table I. It must be stated, however, that owing to the 
small dispersion used, there are large discrepaimies in the intervals of the vibra- 
tional levels and hence the formula must be consi' .'red approximate. For the Qi 
beads the formula is 

v=a2978+ [399(v'-(-^)-4(v' + ^)®] - [436(v" + a)'"7(i’" + i)®] 
the coefficients of (r' + ^) and + in the above equation, according to the 
usual relation 

D'=- ' 

4x'j«\ X 8106 

give the value of D', the energy of dissociation of the initial electronic state of the 
molecule. Similarly D", the energy of dissociation corresponding to the lower 
electronic state can be obtained. The values, expressed in electron volts, are 


D' » 1. 1 


D" ® 0.8. 
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Mercury bromide. — The absorption bands obtained in the case of mercury 
teoinide, extend between A5UO0 and A4000. About fifty heads have altogether 
been measured. These have been arranged into five sequences, Av-o, ±1, ±2. 
Another sequence is also indicated, a few bands icmain unclassified. A catalogue 
of the w'ave-lengths, wave numbers and intensities of the band heads is show'n in 
Table 11 in which the last column gives the classification. Here again, in 
deriving the vibrational assignments, the strongest band is assumed to be first 
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member of the Ausao sequence. The following formula has been obtained for the 
band beads ; as in HgCl, this too must be considered as an approximate one. 

>'= 23057 + [267IT' + |>) - 1 (r' + - [324(11" + 3) - 5(^" + i)® ] ■ 

The values for D' and D" are obtained to be 

D' = 2.2 volts 


D'' = 0.7 volts. 


Mercury Iodide : — With this substance in the tube the absorption bands oi 
iodine in the red have been obtained intensely ; in addition to those only a few 
band heads about a dozen have been obtained in the region A4600-- A-1100. They 
are however feebly developed and the system is thus only incompletely photo- 
graphed. Further investigation of the bands is necessary. The wave-length data 
of the bands are, hence, not reported in this paper , 

■ The author is deeply indebted to Dr. K. R. Rao for his intere.'t in the work 
and to Mr. M. (>. Sastry for considerable help in airiving at the analysis of the 
bauds and the estimation of the constants involved. 
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INVESTIGATIONS ON ATMOSPHERICS IN HIGH- 
FREQUENCY CHANNELS* 

By S. R. KHASTGIR 

AND 

Md. INNAS ALI 

(Ecccivcd for publication, September i6^ 

ABSTRACT. The results of investigations on nttnospberics carried out at Paoca during 
the monsoon time t)f on a range of freejueudes from 2 Me. to 20 Me, are given in this 
paper. The peak tnelhod of measurenunts was employed and experiments were carried out 
along the following lines : 

I. Determinations of the numbers of atmospherics from different directions in different 
frequency channels at different times of the day, with special reference to the sunrise and the 
sunset periods. 

IT. Measurenients of the field-strengths of the atmospherics from (he east vvest direction 
(and occasionally from the north-south) in different frequency channels at different times of 
the day with special reference to the sunrise and the sunset periods. 

Usually one and occasionally two maxima, some minutes before the ground sunrise were 
observed in both sets of experiments. Soon after the maximum, the field-strength and also the 
number decreased very rapidly and continued diminishing till some time after the sunrise. 
There w as a subsequent rise indicating a maximum an hour or two after the ground sunrise. 
The field-strength as well as number were found to be minimum from about 12 to 2 in the day. 
One maximum both in number and field-strength was observed some minutes after the ground 
sunset. In some observations, a maximum appeared about the time of ground sunset. 

A general explanation has been given of the observed maxiimun before the ground sunrise 
and after the ground sunset in terms of the changes in the ionospheric conditions during 
the transition period. The two maxima observed could be associated with the E- and the 
F-layers. According to this view, it has been possible to locate the source of the distant 
atmospherics from the observed position of the maximum in relation to the ground sunaet or 
sunrise. The basic idea in this explanation has been verihed by observing the portion of the 
field-strength maximum for short-wave signals from the Calcutta station during and after the 
sunset time. 

in. The frequency distribution of the atmospherics from the eaet-west direction was 
studied in two different ranges of frequencies, 172 ., 2 Me .-5 Me. i 6 om-isom) and 10 Me.— 

20Mc. (15 m— 30 m) under the following heads: 

(a) Mrasurements of field-strengths of distant atmospherics during day and night. 

(b) Measurements of field-strengths of the atmospherics of near origin during local 

thunderstorms. 


♦ Communicated by Indian Physical Society 
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(c) Measurements of fielcl-fttrenglhs of Ihe rain -statics/' when there was contimicn- 

with slight flashes but with no thunder. 

All the experimental results on the frequency distribution of the atmospherics in the 
different cases have been satisfiirtorily explained. 

IV. The average values of the daily inaxinium peak-strength of the atmospherics on 
5 Me. and lo Me, during the usual morning, afternoon and night programme hours for the 
monsoon months were determined and an estimate of the signal-strength values for good 
reception about this time at Dacca on these frequencies has been made from these averages. 

X N T R O I) U C 1' T 0 N 

The study of atmospherics in India is of exlreiiie importance in order to 
determine the best conditions for radio conimuincatioii. Kvery radio-listiner 
knows that except for a few montlis in the year there are all sorts of atmospheric 
djstiirl)aiices. In fad during the monsoon time in India the field-strengths of the 
atmospherics could be as high as loo times or even more than the corresponding 
values in the temperate countries. Systematic investigations on the subject 
under tropical conditions had, therefore, been felt necessary for the past few years 
when several broadcasting stations were opened in India by the AlMndia Radio, 
It was increasingly evident that a better understanding of the atmospheric noise 
over a wide range of broadcast frequencies was desirable. Recently some 
measurenjents were carried out at the Kanodia Kltctiical Comniunicatioii lingi- 
neering Lalioratorics, University of Calcutta, on w'avedengths from 50 metres to 
500 metres (i.c., from 0,6 to 6 megacycles), by S. P. Chakravarti, P. B, Ghosh, 
and H. Ghosh, ^ Some work on very long wave-lengths had also been previously 
reported by Chakravarty and Paranjpye^ on the atmospherics at Bangalore during 
the polar year 1032-33. Some investigations were also made in this laboratory by 
Khastgir and Rao'^ on medium wave-bands from 150 metres to 1200 metres 
from 250 Kc. to 3000 Ivc.) on the atmospherics at Dacca following the * w^arbler ' 
method of noise measurements. The frequency distribution of the atmospherics 
was studied and the diurnal characteristics of the atmospherics were investigated 
with special reference to the sun-rise and sunset times. Similar studies were also 
made by Khastgir and Ray^ following the peak-method of measurements over a 
range of medium wave-lengths 150 metres to 800 metres from 375 Kc. to 2000 
Kc.). In the present investigation these measurements w'ere extended to still 
shorter w^ave-lengths. Experiments w^ere carried out on w^ave-lcngths from 15 
metres to 150 metres (t.c., from 3 Me. to 20 Me.) which cover practically all the 
broadcasting short and shorter medium wave-bands. All measurements were 
made during the monsoon months of 1940. 

It should be mentioned here that similar noise measurements were carried 
out by Espenschied, Anderson and Bailey'’ on long wave-lengths from 5,300 
metres to 20,000 metres (i.c., from 15 Kc. to 55 Kc.) following the warbler 
method in several receiving centres in England. They studied the diurnal and 
^^asopal characteristics of the noise ajid also the frequency distribution of tfie 
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alniosplierics within their range of frequencies during the day and the night. An 
elaborate investigation on similar lines was later made by Potter ® in the range of 
short wave-lengths from 15 in. to 60 m, {i.e., from 5 Me. to ao Me.). Mention 
should also be made of the recent work done on similar lines by Schafer and 
GoodalF on a wave-length of 2 metres (150 Me.). 

METHOD OF M ASUREMENT AND EQUIPMENT 


In measuring the intensity of the received atmospherics, the peak-method of 
measurement, as followed by Potter,* was employed in the investigation. In 
obtaining the field-strength values, only the peak crashes w'ere considered during 
the period of observations. The measurements v\ ere made on a specially cons- 
tructed 3-valve receiver with a balanced galvanometer in the anode circuit of the 
last valve of the receiver. The major deflections were noted over a period of 
2 or 3 minutes. The deflectionx greater than a third oj the maximum deflection 
were only considered and the arithmetic mean of these larger deflections was 
taken as the equivalent signal deflection in the calculation of the field-strength 
of the atmospherics. This arithmetical mean was expressed as micro-volts 
per metre. 

The diagram of the receiving set is shown in Pig. I. The anode current of 
the detector valve was balanced as shown in the diagram , 



The receiving set with batteries was placed inside a shielded cabinet, A 
frame aerial having a few turns of thick copper svire was employed with a tuning 
-condenser in parallel. In counting the number of atmospherics on higher 
frequencies, a L.F. amplifier of conventional design was sometimes used. 
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E X P K R I M R N T A L R E S U E T S 

A. Tolnl number of iilmospheTics per minute for different directions at 
different hours of the day on some specified frequencies 

I'hc numbers of atmospherics within a short interval of time were counteJ 
usually in two specified directions, north-south and east-west, on difieient 
frequencies, vis., 3 Me., 5 Me., 10 Me. and 30 Me. (i.c., 100 m., 60 m., 30 m. 
and 15 m). In the case of 3 Me., observations were also taken in the direction 
45° between N. and K. 



Some typical curves are shown in Pig. 2. These curves reveal certain 
general features in the diurnal characteristics of the atmospherics. The general 
features in these atmospherics counts can be summarised as follows ; 

(1) The number of atmospherics per min. from any direction usually showed 
a maximum some minutes before 4 he ground sunrise. The number then 
decreased sharply about the ground sunrise time. In some observations two 
distinct ma.vima, one after another, both before the ground sunrise were 
ob^rved. 

(2) The minimum number of atmospherics occurred between 12 and 2 during 
the day. 

(3) The number of atmosphetlts increased ih the afternoon. 
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Fig. 2(b) 

(4) Usually lliere was a iua.vi;nM.m, some ’ minutes after the ground sunset. 
In some observations there was a maximum about the ground sunset time. 

In Fig. 3 are shown a few' more sunrise curves. During the sunrise and 
the sunset times, observations were usually taken at intervals of 5 min. and 
averaged over 2 minutes. 



B. Peak Field-strengths of the atmospherics at different hours of the day 

on some specified frequencies 

" The diurtitil variations of the peak field-strength of atmospherics from the 
li-W direction (ahd occasionally from the north-south) were studied froni about 
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4 A.M. to about II p.M. on thiee different frequencies : 5 Me., 10 Me. and 20 Me, 
(i.f., 60 ni., 30 m. and 15 ni.). The following types of results were usually 
obtained : 

(i) One 7 uaximum some minutes bcjorc the ground sunrise time and anoihcf 
maximum some minutes after the ground sunset were ob-served. 

(a) Two maxima which were close together were sometimes observed before 
the ground suurise and only one maximum definitely after the ground sunset was 
observed . 

(in) Occasionally a maximum was observed at tbe ground sunset time. 

It should be noted that the field-strength variations were fovmd almost similar 
to the variations of the numbers of atmospherics from hour to hour. 

Some typical experimental results on 5 Me. are shown in Fig. 4. 



THEORY OE THE SUNRISE AND THE SUNSET MAXIMA 

Years ago the sunrise and the sunset effects had been observed by Eccles and 
others.* These effects had been later observed by Espenschied, Anderson and 
Bailey* and also by Potter.* 

Potter attempted a general explanation of the effects observed and also of 
the double peak which was at times observed by him, but in view of the present 
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knowledge of the ionosphere, such an explanation does not seem to he nt all 
feasible. For very long waves Naraba" suggested an explanation of the sunset 
and sunrise phenomena. According to his view, the reflection at the ioniS'.ed layer 
is metallic before sunset and dielectric after sunset and the sunrise and the sunset 
effects are due to this transition in the reflection characteristics of the layer. 

We offer here an explanation of the phenomena in the light of our exi)eri- 
mental results in the following manner : — 

(a) A General Explanation of the Sunrise and the Sunset Effects 

A lightning stroke gives ri.se to damped electromagnetic pulses and each such 
pulse can be regarded as consisting of all the frequencies in the Fourier senes. 
When lightning takes place at some distance from the receiving point, the electro- 
magnetic pulse may arrive at the receiver after reflection from the ionospheric 
layer. 

It is now well-known that the K-layer ionization gradually falls during the 
night and attains a minimum value in the small hours of the morning. The 
ionization then Iregins to increase and the increase is rather rapid during the 
sunrise period. During the sunset period too, the ionization is found to fall 
rather abruptly. The minimum ionization in early morning can be associated 
with the maximum observed before sunrise in the field-strength of the atmos- 
pherics. Before the ionization minimum is attained, it is evident that there will 
be a gradual decrease in attenuation due to gradually decreasing electron collision 
frequency in the layer causing thereby a gradual incicase in intensity of the 
downcoming waves till there is a peak when the Iv-layer ionization is minimum. 
After the minimum, as the collision frequency considerably increases the attenua- 
tion rapidly increases. This causes a rapid fall in the intensity of the down- 
coming wave. The gradual formation of an absorbing layer, the D-layor, after 
sunrise would also increase the attenuation. This explains ina general way the 
sunrise maximum both in numbers and field-strengths of the atmospherics received 
in a particular frequency channel. It is however evident that when the observed 
field-strength is greater, the greater would be the numbers of atmospherics 
recorded ; because with greater or less intensities, larger or srnaller numbers of 
the atmosplierics could be distinguished. 

The explanation of the sunset maximum is also sonicw'hat similar. Before 
the sunset period it is known that there is a gradual decrease in the E- layer 
ionization. It is therefore expected that there would be a gradual rise in the 
intensity of downcoming waves due to a continuous fall in ionospheric absorption 
or attenuation. At the sunset time, when the ionizing solar rays are suddenly 
withdrawn, there is a sudden and a perceptible deciease in electron-concentration, 
so that the downcoraing waves, originally coming from the distant source of 
affftospherics would be much less deviated and would fail to reach the receiving 
point. Thus at this point of the withdrawal of the solar rays, the intensity would 
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fall, although attenuation would bo less. Subsequently, however, the gradually 
decreasing attenuation would assert itself and the intensity would increase. 
The subsequent increase in intensity would also be partly due to the gradual 
disappearance of the D-layer after sunset. 

The double peaks which were usually observed before the ground sunrise 
can be explained in terois of the two layers K and F. It is, however, known that 
the F-layer ionization also indicates a rapid increa.se in value about the Sunrise 
(in the layer) and also a sharp fall about the sunset time (in the layer). 

(b) The Positions of the Sunrise and Sunset Maxitna 

The work on the early morning increase of the K-layer ionization by Mitra’® 
and his associates has shown that the ionization begins to increase not when the 
early morning solar rays strike the F-layer by grazing the surface of the earth 
hut when the rays strike the layer by grazing the top of the ozonosphere at a 
height of 35X111. from the earth’s surface. The sun’s rays in order to produce 
ionization in the F-layer should evidently pass over the ozone region so as not 
to have its shorter wave-lengths absorbed by ozone- Let the source of the 
atmospheric disturbance and the receiving point be represented in the 
plane by S and R respectively on the earth’s surface. Then the pulse of the 
atmospherics which contains all the frequencies of the Fourier series would reach 
the receiving point after reflection at A in the ionospheric layer. It will be 
evident from the diagram (Fig. 5) that the ionization in this region A would begin 
to increase only when the sun’s rays would pass over the tangent from A to the 


We»T E.,T 


A 



top of the ozone layer CO. The groqpd sunrise or sunset at the receiving point 
is of course easily determined by drawing a tangent plane to the earth at the 
receiving site. We shall consider first the case of sunrise. Ret ns draw.^ 
tangent from A touching the ozone layer at G and let the tangent to the earth 
at the receiving point cut the straight lines joining the centre C of the earth and 
the point A where the ionospheric reflection takes place at the point P , Jf the 
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angular distance between the noise source and the receiving point be denoted 
by 0, then the angle PCR would be 0/2. Denoting the angle ACC, by 0, it can 
be easily seen that the instant when the sun ’s fays would l)egin to produce 
ionization in the region A by grazing the top of the ozone layer would be earlier 
or later than the ground-sunrise at R, according as 0 > or < ^/2. Thus if the 
receiving point R is to the east of the noise source the difference between the 
instant of ground sunrise at the receiving point and the instant when the 
ionization begins to increase in the region A would be given by ; — 

AT=4(0 “'<?/'2) = ( 40 <-' 2 ( 9 ) minutes. 

On the other hand, if the receiving point R is to the west of the noise source 
S, the ionizatic'n at the reflection point in the ionosphere would liegin to increase 
invariably Irefore the ground sunrise at the receiving point. (This can be easily 
understood if we sui)pose that the locations of S and R are interchanged, and that 
the reflection t)oint A remains in the same position.) In this case the time- 
difference would be given by (40+ 2O) minutes. 

From these considerations and in view of the nature of variation of the 
E-layer ionization during the small hours of the morning, it can thus be said 
that a maximum w'ould be observed (40 + 2^') min. before the ground sunrise, 
if the receiving point is to the west of the noise source, and if the receiving point 
is to the east of the noise source, the maximum would be expected at (40-2^) min. 
before, provided 0 > ^/a. Similar arguments would apjdy to the case of the 
sunset. It should lie noted that the sunset maximum would appear aflc7 the 
giound sunset, provided 0 > 0I2 ; whereas under the same condition, the sumise 
maximum would appear before the ground sunrise. 

With short waves when there is reflection from the F-layer also, another 
maximum is also expected (40' + 2(i') min. before the ground sunrise, where 0' 
for the F-layer corresponds to the angle 0 in the case of the E-Iayer. We are 
assuming here that the F-layer ionization begins to increase when the sun's rays 
grazing the ozonosphere reach the region in the F-layer where the reflection is 
taking place. Measurements of the F-layer ionization do not, however, give 
definite information on the point.” Sometimes the increase in ionization 
takes place some minutes after the sunrise time in the F'-layer and sometimes 
before. It is signific.ant, however, that the ionization does not Ijegiii to fall till 
about hours after the sunset in the F-layer.” This perhaps accounts for the 
absence of the sunset maximum which could be associated with F-layer. 

Occasionally however> a maximum was observed about the ground sunset 
time. It is po.ssible that a sudden fall in temperature and electrical conductivity 
of the atmosphere, a rise in humidity and a change in the other meteorological 
conditions during the sunset period can account for a niaximurfi intensity of a 
distant thunderstorm field.” 

9— r423P— VI 
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rxperimental, trst of the theory of the 

SUNRISE AND THE SUNSET MAXIMA 

According to the suggested theory of the sunrise and the sunset maxitna 
in the variation of the field-strengths of the atmospherics, we would expect similar 
etTe(;ts in ihe signal-strength observations of a distant transmitter at times of 
ground sunrise and sunset. In Fig. 6 typical curves showing signal-strength 
variations of the Calcutta short-wave station (4840 Kc., A=6i.g8m.) are given 
for three different days. A distinct maximum is evident in all the three cases. 
In table 1 are given the times of occurrence of the maximum after the ground 
sunset for the three days : 

Tabi.b I 


No. 

Dates of obwservation 

Times of orrurrence of signal niaximuni 
after ground sunset 

Ground sunset time 




— - — — _ 

— — 

1 

3.2.4J 

20 min. 27 sec. 

r 7 h. 43 ' 33 " 

2 

4.2.41 

21 mill. 3a sec. 

17!). 44'i3" 

3 

17 - 3-41 

23 min. 19 sec. 

i8h. s'n" 



ftilirtfia AT IMacA. 


Fig. fi 
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The time ol occurrence of the sunset maximum can also be computed from 
the following data ; — 

Radius of the earth =6371 Km. 

Reflection height in the E-layer before sunset = 80 Km. 

Top of the ozone layer = 3s Km. With these values 0=6'’.9 

Since the difference between Calcutta and Dacca local times=8 minutes, 

0=2". 

The signal maximum is therefore expected at (4^1- 2$) min., i.c., 23 min. 
36 sec. after ground sunset. The time calculated on the basis of our explanation 
is thus in good agreement with the observed time of occurrence of the sunset 
maximum. 

EXAMINATION OP THE IC X P E R I M 1? N T A I, RESULTS ON 
THE SUNRISE AND THE S IT N S E T MAXIMA 

According to the theory of the sunrise and sunset maxima, the position of the 
maximum in respect of time would give an indication of the location of the source 
of atmospherics. If the time of occurrence of the maximum is less than 40 min. 
before ground sunrise or after ground sunset, it is evident that the disturbance is 
coming from the west and if the time of occurrence is more than min. before 
ground sunrise or after ground sunset, the disturbance may either come from the 
east or from the west. It is possible to draw a curve showing the position of the 
maximum with reference to the ground sunrise or the sunset and the approximate 
location of the atmospheric disturbance in miles. Taking the E-layer reflection 
height to be 80 Km. and the top of the ozone layer 35 Km., the distance of the 
source of the received atmospherics was found to lie between 50 miles and 750 
miles, either in the east or in the west of the receiving point. 

If the double sunrise peak is to be associated with the.-E-^^y^*' ““‘I F-layer 
reflections respectively, it is possible also to calculate appioximately the separation 
in time between the two intensity maxima. The observed values of this time 

Table II 


1 

Frequency channel 

Observed time difference 
between two peats 
(in minutes) 

Theoretica] values of aT 
(in minutes) 

H— ^Reflection height in F*laycr 

5 Me. 

2J.0 

24.0 (H:= 200 Km.) 

5 Me. 

^ 29.0 

31 (H- 250 Km.) 

20 Me. 

15.0 

16 (H = i5oKm.) 

24 (H- 200 Km.) 

800 Kc. 

19.0 

16 (H“isoKm.) 

800 Kc. 

150 

16 (H=:T5oKm.) 
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difierence for some typical cases are given in <table II. The theoretical values 
which would give approximate agreement for suitable values of the reflection 
height are also shown in the table. The results of similar experiments with 
K. (1. Basak on 8ou Kc. {vide Current Science, Oct. 1942) are also incorporated 
in this table. 

Considering the uncertainty in the actual reflection height the agreement 
can be regarded as satisfactory . 

FRECJUENCY DISTRIBUTION OF THE ATMOSPHERICS 

The measurements of the atmospheric field-strengths as a function of fre- 
quency were undertaken for two frequency ranges, viz. (i) from 2 to s megacycles 
(60 m.^ — 150 m.) and (2) from 10 to 20 megacycles (15 m. — 60 m.). The following 
experiments on the frequency distribution of the field-strengths of the atnios- 
pherics were performed both during the day lime and the night : 


EXPERIMENTAL RESULTS 
(i) Experiments on distant Atmospherics during the Day 


Some typical experimental results for the frequency ranges 2 Me. — 5 Me. and , 
TO Me. — 20 Me. are shown in Fig. 7. 

It is to be observed that during the day, the field-strength of the distant 


atmospherics when plotted against 


1 


- gave an approximate straight line only 



Fig, 7 


in one case. In the other cases, the K— ■ - r| - curve was found to be straight over 


a limited ranjge only. 
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(fi) Experimenls on distant atmospherics during the night 
when the sky-'^aves were predominant 

Some typical results are illustrated in Fig. 8. 

In both the frequency ranges, it was found that during the night the field- 
strength of the distant atmospherics decreased exponentially with the increase of 
frequency. 



(iii) ^Hmosphcrics due to local thunderstorms 


The experimental results are illustrated in Fig. 9. It can l)e seen that the 
field-strength, when plotted against the reciprocal of frequency gave a straight 
line in each set' of observations. The relation between field-strength and fre- 


B 


quency was of the form : E= A-h j, where A and B are constants. 




Fig. 10 
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(iv) Observations on " Rain statics ” 

On certain days when there was continuous drizzle for hours together with 
slight dashes but with no thunder, some experiments were performed to study 
tlie frequency distribution of the received atmospherics. Two sets of experimental 
results are illu.stratcd in Fig. lo. It should be noticed that in these experiments 
also, as in the case of experiments during local thunderstorms, the relation 
Ijetween the measured field-strength and the frequency was of the same form, viz., 




where A and B are constants. 


THEORETICAL CONSIDERATIONS IN THE STUDY OF 
THE FREQUENCY DISTRIBUTION OF ATMOSPHERICS 

I. Distant Atmospherics 


Let us suppose that the source of atmospherics gives rise to damped sinuous 
waves. It can be seen from Burch and Bloesma’s'^ Fourier analysis of such 
waves that for frequencies much higher than the frequency of the received 
atmospherics, the amplitude of the particular term involving the frequency to 
which the receiver is tuned is inversely proportional to the square of that fre- 
quency. Hence the Fourier co-efficient of. the particular component invplving 
the high frequency f is given by 



(i) 


where A is some constant. 

Now neglecting any kind of attenuation, we know that the field-strength 
at distance r from a dipole aerial radiating sinuous waves is obtained from 


E=/. 


3 7.28 X 2n{hl) 

TC 


where lil is the metre-amperage of the transmitter and c the velocity of light. 
Thus at a particular distance r we have E=K. /, where K is constant. 

Considering now' the particular Fourier component of frequency /, we can 
write “ 


E=^.K./ or^. 

We shall here take the following cases : • " 

(a) When the ground waves alone are present . — In this case the field- 
strength of the atmospherics received in frequency channel f is given by 

K=^.Ar 

where Ai is the ground-attenuation factor. 
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Accoi^ding to Norton' ^ the gjround- wave attenuation factor is given by 

Ai= i + iv'‘»7ie cr/c(-tVFi) ... U) 


w here 


Pi’=pe* 


JT |T ‘ 

P =1 _ , COS b 
X A 


n r - , 

= — sin b 

+ 1 A 


tan b = 


e + i_ )e+ I 


/ • \ 

X— j (n- m e.s.ii.) 

actual distance from the source 
p=^ numerical distance 
A*= wave-length. 

It can be shown that for p > 20 


Now, putting ■ -=a, we have tan b = a.f, 

2 <T 


On putting again = B, we can show 

an-T 


Ai = ^-^i + 


/ 


so that 


A.K.B, 




For the shorter waves, we can neglect i/a/, 


so that 




Moullin'* also obtained a somewhat similar expression. 

(b) When the Sky Waves alone are present . — In the case of the sky waves 
which are returned from the ionosphere, the constant K in (ij should be multiplied 
by sin io, since "the , sky path would-be r/sin io, where = angle of incidence at 
the ionized layer. Thus without considering attenuation, we have in this case 


sin I, 

/ 



4f4 


S. R. Khastgir and Md. /. Ali 


This should be multiplied by the relevent attenuation factor to get the 
actual ileld-strength of the sky waves- 


Long Waves 

For low-frequency waves (loo Kc. or below), the ionosphere behaves as 
a good reflecting surface. According to Namba's* calculations, for values of 
the angle of incidence corresponding to fairly long distances the reflected 
intensity is usually larger at night than during the day. During the night, 
however, the reflection is practically independent of wave length. Hence for 
the night-time observations 

rf_A.K. sin it . 

j. ^ A, 

where A* = attenuation constant which is independent of frequency. 


Thus 


F _ constant 


(13) 


Dellinger’s ” report on radio propagation data mentions this simple inverse 
relationship in the case of night atmospherics. 


Medium Waves 


When the frequency of the wave is below the critical penetration frequency, 
the wave is sufficiently refracted in the E-Jayer and gets returned to the surface 
of the earth. During the day, there is no appreciable amount of downcoming 
wave. 'During the night, the sky wave intensity may be considerable. 

Assuming an exponential gradient for electron concentration in the ionized 
layer, (tj2., electron density N = , where Zo is ihe reflection height above 

the boundary of the layer and p and q are constants), it has been shown by 
Namba® that the total attenuation along the curved path, when the wave gets 
bent and returns to the earth wdll be given by 

Aa= I cos* t'o H-— I ••• (14) 

cq 1 r. I 

where v= electron-collision frequency, fo the radius of the earth and c the 
velocity of light. Here the collision frequency could be taken proportional 
to frequency,’* i.e., v=>kj, where k is constant. Since the height z of the 
ionized layer above the ground is nuich smaller than the radius of the earth, 
we can approximately write : 

A,=a./, " ... (15) 


where a = cos* i«= constant, 

cq 

when the source of the atmospherics and the receiving point are fixed. 
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Hence the field-strength of the particular Fourier component of frequency 
returned from the E-layer will be 


or 


i.(\ 


L ^ - e 

log IJ“i“log /-constant- a/. 


(t6) 


The frequency here is of a high order, so that the variation of log / 
with / is rather small in the limited range of frequencies. Thus we can write 


Log E= const. -a/. (17) 

In most cases, our experimental results duri^ig ihc night in the medium 
and high frequency ranges were found in accordance with this exponential 
law of decrease of field-strength with frequency- 

Short Waves 


High-frequency waves which arc of frequencies higher than the critical 
penetration frequency penetrate through the Edayer and reach the F-layer. 
They are subsequently returned from the higher layer, when the niaxitnum 
electron density of that layer is sufficient for the bending of such wavej!>. 
With these waves, we have to consider attenuation tluring transmission tlirongh 
the E'laycr and attenuation along the curved path in the P-layer while getting 
bent and returning to the earth’s surface. The first attenuation can be taken 
as inversely proportional to the frequency and the second one can l^e taken as 
varying with frequency in accordance with (14) or (15). Thus the field-strength of 
such downcoming waves can be written as 


H 






/' f 


(iS), 


where M and m are constants. Usually at night m//® « i, 

so that E- I 2 ^ which is similar to (r6). 

f\ f] f 

(c) When Ground Waves and Sky Waves are both present . — Let n,/ and n, 
bs' tbe fractions representing the two portions reaching the receiver by the 
ground path and sky path, so that n.j + n,^j. The field-strength at the receiyin^ 
point will then be jgiven by \ 


1433?— VT 
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where 


D = nj,. A.K.B and b= 


... (19) 




sin® to 


B® 


Here 


c(g+i) 

27rr 


Putting A = D(i + 


we get 



The slope of the curve showing E against r//* would be given by A, 
It is evident from (19) that for values of af > i, the slope would increase 
with the increase of ilf and after attaining a maximum value whena/=i, 
the slope would decrease for af< i with the increasing value of tip ; the curvature 
would change sign when af—i. 

Our day observations in the two frequency ranges 2 Me. — 5 Me. and 
10 Me. — 20 Me. showed that the field-strength E, when plotted against i/f, gave 
a straight line only in vciy Jew cases. In these few cases, we may suppose 


ti X.") 

that the ground waves were inedoininunt, so that '=o and we get K=;,. 

•»« f 

In most cases, however, the sky waves were not negligible and the curve 
was straight only over a limited range. The experimental curves could 


be explained according to (19). 

We have drawn an ai)proximate theoretical curve for the range 2 iVlc — 5 Me. 
taking 

r = distance between the source of atmospliei ics and the receiving 
point = 250 Km. 
io = 4o‘' 

« = Effective dielectric constant of the earth = 10 c.s.u. 


and n,=ng. 

The theoretical curve is shown in Fig. 7, where the experimental curves 
are also shown. _ 


II. Atmospherics due to local Thunderstorms 

In the case of local thunderstorms, the source of the atmospherics is near 
the receiving point. The ground attenaation or the ionospheric attenuation is 
not to be considered in this case. If we suppose now that the lightning 
discharge gives rise to damped sinuous waves, "the field>strength of the received 
atmospherics on a high frequency / would be given by (i), viz., 

f f 
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It is, however, known ft at the electrical discharges in thunderstorms would 

often consist of disturbances in the nature of sharp impulses. I^et us represent 
this impulse by /(f) which tends to zero sufficiently rapidly for large 

values of the time L I,et us also suppose that near ^ = o the function tends to 
have very large values. The Courier coefficient of angular frequency w for such 
a function is then given 


B, 


fm. 


«•“' di 


jjil). dl+ / /(/). c*' 

0 00 

= / f''”' di^ J /(-/,). 
0 0 

-2t j f(t) si 


‘ dl 

iuit 


di 


Now 


am J 


sin wf. dt. 


where A determines the rapidity with which the func- 


^27r\i_ ^ 

tion tends to zero with the increase of lime then the Fourier coefficient of 

sin *>d 


angular frequency w will be J 
we have^ ® 

B/ = 


0 e I 


dt. Putting r = Ai, 


<X) 

fsixi (joJXdr 

r 

(d/A . 

C ' H- I 


J . 2 ?rr_ "a 

0 e I 

_4 

-1 

2Ci) 


(20) 


, so that for large values of A 


For large values of w, this is reduced to ( — 

\a^ o> ^ 

when the function comes down sufficiently to zero, the Fourier coefficient will be 

* I . Tj _ const, 
varying as - , t.e., B/= - 


CD 


/ 


. To obtain the field-strength at the receiving 


point, we have to multiply this by /, so that E= const. 

If we suppose that the lightning discharges give rise to damped sinuous 
waves and also impulses of short duration, it is easily seen that the field-strength 

B 


of the atmospherics in local thunderstorm centres wil! be of the form : H=A + 


T 


where A and B are constants. Our experimental results are in agreement with 
this relation. 


III. " Rain-statics 


The observed field-strength of the atmospherics received during continuous 
dni^le in the day vhried with the frequency in the same way as the field-strength 
of the atmospherics from local thunderstorm centres. It can therefore be con- 
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jecturcd that the source of the disliirMnce was near the receiving point anj that 
its nature was similar to that of the lightning discharges* It is known, however, 
that wlien many thousands of charged particles of water vapour coalesce to form 
u rain drop, there is a great and sudden increase in the electric field resulting in 
disruptive discharges or * flashes/ It is also known that the highe.st charge 
whether i)Ositi\ e or negative is carried by light rain. It is therefore expected 
that during such dri;c/.Ic there would be sources of atmospherics in the disruptive 
discharges nr * flashes ’ near the receiving point, ' 

M S 'i: I jNT A T I 0 N C; !■ 'r H E S T O N A L - S T P E N O T H V A Tv TJ E S F O R 
0 O O T) R F C K P r TON A T A CCA O N 5 Me. A N D 10 Me. 

The average values of the daily maxima of the peak field-strengths of the 
atmospherics from the cast -west direction on 5MC. and loMc. were delennincd 
for May~Junc during' the usual morning, afternoon and the night progranune 
liours. In table HI are given these averages : — 

Tabck III 

Ficid'^s^iirengihs in Microvolts per jneire 


10 Me. 

5 Me. 

-if- 

IMoraing ! 

Afternoon 

Night 

I 

AForning ; Afternoon 

\ ■ Nij.'ht 


1-^5 P M. 

i 7-11 p :m. 

' 

[ 8— 12 A.M. 

! 7^jiP.M. 

i 

7.20 

1 ' 
i 

1 ! 26.21 

1 1 

1 

; -’5 , 


In table IV are given the signal-strength values which will be 20 db aboVe the 
averages of the peak field-strengths of the atmospherics on 5 Me. and to Me. Such 
signal-strengths can be regarded as standard values for good reception. 

IV / , 


Periods iMay-Jnne) 


Sfgnal-Mr< ngth vn hich i.s 20 db above the peak 
slrrngUi of the atmospherics 


U) Morning 8 to 12 A M. 
(a) Afternoon 1 to 5 P*M, 
13) Night 7 to II P-M. 


53 microvolts/ metre 220 microvolts /metre 
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